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PREFACE TO THE FIFTH EDITION. 


Wuen Dr Parkes died, no notes or instructions were found among 
his papers to indicate any special changes he intended making in 
the form or arrangement of this work. It may therefore be 
concluded that no material alteration was contemplated. The 
arrangement of the last edition has therefore been adhered to as 
closely as possible, although it has been necessary to re-write some 
portions—such as the chapter on Water Analysis—which required 
alteration, either on account of the introduction of improved 
methods of working, or because they were found practically incon- 
venient. Some new matter has been introduced from the comprehen- 
sive Reports on Hygiene published by Dm Parkes in the Army 
Medical Reports, and where new notes have been added they are 
generally distinguished by initials. Tables of useful numbers and 
of standard solutions are given in the Appendix for convenience 
of reference, and the Index has been considerably expanded. 
Although these altcrations entail some little addition to its bulk, 
it is hoped that they will at the same time increase the usefulness 
of the Manual. 
THE EDITOR. 


JANUARY 1878. 


PREFACE TO THE FOURTH EDITION. 


In compliance with requests made to me that I should put this 
edition in a form adapted for Civil Medical Officers of Health, I 
have not only re-written many chapters, as well as carefully revised 
all, but Ihave transferred the purely military part to the Second 
Book. In this way, without taking away the special character of 
the work, I have endeavoured to meet the desires expressed to me. 

Although much new matter has been added, and some parts of 
the book has heen greatly enlarged, I have exceeded the size of the 
last edition only hy thirty-two pages, and though I have been obliged 
to sacrifice something to keep the size so nearly the same, I hope 
nothing material has been omitted. 

1 have thought it undesirable to occupy space by giving an 
abstract of the Sanitary Laws, as this is better done in special 
treatises, and as considerable changes may be made within a short 
period. The useful “Digest of Urban Sanitary Laws,” lately 
published by the Local Government Board, also renders any legal 
details less necessary. 

It is becoming every year more difficult, on account of space, to 
give the evidence on various questions connected with the causes 
and prevention of disease; I have therefore ventured to refer in 
many cases for fuller details of evidence to my Annual Reports on 
Hygiene, which have been published in the Army Medical Depart- 
ment Reports for the last twelve years. 


JUNE 1873. on 


PREFACE TO THE FIRST EDITION. 


Tne Royal Commission appointed in 1857 to inquire into the 
sanitary condition of the army in England, prepared a new edition 
of the “ Queen’s Hospital Regulations,’ which was published by 
authority in 1859.* 

The new Regulations entirely altered the position of the Army 
Medical Officer. Previously the Army Surgeon had been entrusted 
officially merely with the care of the sick, though he had naturally 
been frequently consulted on the preservation of health and the 
prevention of discase. But the Regulations of 1859 gave him an 
official position in this direction, as he is ordered “to advise com- 
manding officers in all matters affecting the health of troops, 
whether as regards garrisons, stations, camps, and barracks, or diet, 
clothing, drill, duties, or exercises” (p. 7). 

The Commission also recommended that, to enable the Army 
Surgeon to do this efficiently, an Army Medical School should be 
established, in which the “ specialties of military medicine, surgery, 
hygiene, and sanitary science” might be taught to the young medi- 
cal officers entering the army. 

This work is an attempt to carry out the wishes of the Commis- 
sioners as regards sanitary science, by providing a text-book of 
Hygiene, illustrated by examples drawn from army life, for the 
gentlemen attending the Army Medical School. 

The Official Medical Regulations have been taken as the basis of 
the work. I have endeavoured to see what the Regulations demand 
from the medical officers of the army, and what are the duties they 
chiefly hava to go, and then to explain how the Regulations are to 
be carried out. In writing this work I have had to deal only with 








* “Regulations for the Duties of Inspectors-General and Deputy-Inspectors- 
General, and for the Duties of Staff and Regimental Medical Officers, &c.,” 1859. 
This work is also termed, for shortness, ‘‘ Medical Regulations.” 
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one sex, a certain age, and a particular trade; but as the general 
principles of hygiene are tolerably fully discussed, I have thought 
it entitled to be called a work on general hygiene. 

The work is divided into two books: in the First I have arranged 
the chief subjects of hygiene in what is, for my purpose, the most 
convenient order, and have illustrated them by examples drawn 
from army life. I have also included some other topics, such as 
meteorology and statistics, which it is important medical officers 
should learn. In these several chapters I have thought constantly 
on what would be useful to army surgeons, who are often far from 
all books, or possibility of reference. So that, in some parts, I have 
endeavoured to make the book one of reference, though I have been 
obliged to compress it to the greatest degree. In the Second Book, 
the service of the soldier is more particularly described. 

To enable medical officers to perform the chemical processes 
required in the analyses of water and air, and in the examination of 
food, the Director-General has recommended, and Lord de Grey 
has been pleased to sanction, the issue of a small box, containing 
sufficient apparatus and reagents for these processes, and this will 
be issued to the several stations on demand. After much considera- 
tion, I have adopted the French weights and measures, as being more 
convenient for volumetric analyses, of which considerable use is 
made. In chemistry the battle of the standards is over, and the 
simplicity of the French weights is such that even those who are 
not at first acquainted with them will, in a very short time, find no 
difficulty in using them. I have made the chemical directions as 
simple as possible, and have thought it best to use the old equiva- 
lents and notation.* 

Ihave to thank my friend, Dr Maddox, for very kindly drawing 
for me all but two of the microscopic objects; his drawings have 
been very carefully engraved on copper or wood by Mr Bagg. I 
must express my obligations to the Council of the Royal United 
Service Institution for permitting me to use the stone with the 
lithographs of knapsacks, employed in illustration of Dr Maclean’s 
paper, published in the 10th volume of the Journal of the Council.t 

I have to thank also my friends, Dr Sutherland and Dr Francois 
de Chaumont, for many valuable suggestions. 


* In the later editions the new notation was adopted. 
+ This plate has been left out of the later editions. 
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INTRODUCTION. 


Hyarane is the art of preserving health ; thatis, of obtaining the most perfect 
action of body and mind during as long a period as is consistent with the 
laws of life. In other words, it aims at rendering growth more perfect, decay 
less rapid, life more vigorous, death more remote, 

This art has been practised from the earliest times. Before Hippocrates 
there were treatises on hygiene, which that great master evidently embodied 
in his incomparable works, It was then based on what we should now call 
empirical rules—viz, simply on observations of what seemed good or bad for 
health. Very early, indeed, the effects of diet and of exercise were carefully 
noticed, and were considered the basis of hygiene.* Hippocrates, indeed, 
appears to have had a clear conception of the relation between the amount of 
food taken and of the mechanical energy produced by it; at least, he is 
extremely careful in pointing out that there must be an exact balance between 
food and exercise, and that disease results from excess either way. 

The effects on health of different kinds of air, of water, and to some extent 
of soils, were also considered at a very early date; though naturally the igno- 
rance of chemistry prevented any great advance in this direction. Hippocrates 
summed up the existing knowledge of his time on‘the six articles, which in 
after-days received the absurd name of the “ Non-naturals.” ¢| The six articles, 
whose regulation was considered indispensably necessary to the life of man, 
were—air, aliment, exercise and rest, sleep and wakofulness, repletion and 
evacuation, the passions and affections of the mind. 

With the exception of the attempts of the alchemists, and of the chemical 
physicians, to discover some agent or drug which might increase or strengthen 
the principle of life,t the practice of hygiene remained within the same limits 


* Herodicus, one of the preceptors of Hippocrates, was the first to introduce medicinal 
gymnastics for the inprovement of health and the cure of disease ; though gymnastics in train- 
ing for war had been used long before. Plutarch says of him, that labouring under a decay 
which he knew couid not be perfectly cured, he was the first who blended the gymnastic art 
With physic, in such a manner as protected to old age his own life, and the lives of others 
afflicted with the same disease. He was censured by Plato for keeping alive persons with crazy 
constitutions.—Mackemite on Health. ; 

+ This title originated in a sentence of Galen, and was introduced into use by the jargon of 
the Peripatetic school. It was employed in all treatises on hygiene for probably nearly 1500 
years, : 

+ It was when chemistry was being rudely studied by the alchemists that an entirely different 
School of hygiene arose. "he discovery of chemical agents, and the great eftect they produce 
on the body, led to the notion that they could in some way aid the forces of life, anc as & 
prolonged, if not an eternal youth, at a life of ages instead of one of years. This belief, the 
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until physiology (the knowledge of the laws of life) began to be studied. 
Hygiene then began to acquire a scientific basis. Still retaining its empirical 
foundation drawn from observation, it has now commenced to apply the 
physiological discoveries to the improvement of health, and to test the value 
of its own rules by this new light. It is now gradually becoming an art 
based on the science of physiology, with whose progress its future is identified. 

But the art of hygiene has at present still another object. If we had a 
perfect knowledge of the laws of life, and could practically apply this inow- 
ledge in a perfect system of hygienic rules, disease would be impossible. 
But at present disease exists in a thousand forms, and the human race lan- 
guishes, and at times almost perishes, under the grievous yoke. The study 
of the causes of discase is strictly a part of physiology,* but it can only be 
carried out by the practical physician, since an accurate identification of the 
diseases is the first nocessary step in the investigation of causes. . 

The causes being investigated, the art of hygiene thon comes in to form 
rules which may prevent the causes or render the frame more fitted to bear 
them; and as in the former case it was the exponent of physiology, in this 
case it becomes the servant of the pathologist. 

Taking the word hygiene in the largest sense, it signifies rules for perfect 
culture of mind and body. It is impossible to dissociate the two. The body 
is affected by every mental and moral action; the mind is profoundly in- 
fluenced by bodily conditions. or a perfect system of hygiene we must com- 
bine the knowledge of the physician, the schoolmaster, and the priest, and 
must train the body, the intellect, and the moral soul in a perfect and. 
balanced order. Then, if ‘out knowledge were exact, and our means of appli- 
cation adequate, we should see the human being in his perfect beauty, as 
Providence, perhaps, intended him to be ; in the harmonious proportions and 
complete balance of all parts, in which he came out of his Maker’s hands, in 
whose divine image, we are told, he was in the beginning made. 

But is such a system possible ? 
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natural result of the discovery of new powers, has not yet entirely died out ; and while there 
are some who still look to every fresh agent as pussi)ly containing ‘ the balsam of life,” there 
are also still enthusiasts who search the mystic tomes of the alchemists or the Kosicrucians, in 
the faith that, after all, the great secret was really found, It may be worth while to consider 
the idea which underlaid the dreams of the alchemists. Life was looked on as an entity or 
principle liable to constant waste, and to eventual expenditure. If some agent could be found 
to arrest the waste, to crystallise, as it were, the tissues in their full growth and vigour, decay, 
it was conceived, would be impossible, and youth would be eternal. In other cases, it was 
supposed that the agent would itself contain the principle of life, and therefore would at once 
restore destroyed health, and recall again departed youth. We now know this idea to be wrong 
in every point. The constant decay the alchemists sought to check is life itself, for life is but 
incessant change, and what we call decay is only a metamorphosis of energy. To arrest the 
changes in the body for one single moment would be death, or, short of death, it would be 
pansies the energy which is the expression of life. Nor is there any hope that the exten- 
sion of the period of vital energy can ever be accomplished except by improving the nutrition of 
the tissues. Here, indeed, it is just possible that, in time to come, drugs will aid Hygiene, 
either by better preparing food for the purposes of nutrition, or by removing or preventing 
those chemical changes in the tissues which we call decay. But at present, certainly, no rules 
can be laid down for the use of drugs in hygiene, except in that debateable land which lies 
between hygiene and the practice of medicine, that is, in that uncertain region which we do 
not like to call disease, and yet which is not health. 

* Physiology and pathology are, in fact, one ; normal and abnormal life, regular and irregular 
growth and decay, must be studied together, just as, in fact, human physiology is imperfect 
without the study of all the other forms of life, animal and vegetable, which are in the world. 
Separated for convenience, these various studies will finally converge. 
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Is there, or will there ever be, such an art, or is the belief that there will 
be, one of those dreams which breathe a blind hope into us, a hope born only 
of our longings, and destined to die of our experience? And, indeed, when 
we look around us and consider the condition of the world—the abundance 
of life, its appalling waste ; the wonderful contrivances of the animal king- 
dom, the &pparent indifference with which they are trampled under foot ; the 
divine gift of mind, its awful perversion and alienations ; and when, espe- 
cially, we note the condition of the human race, and consider what it appa- 
rently might be, and what it is ; its marvellous endowments and lofty powers ; 
its terrible sufferings and abasement ; its capacity for happiness, and its cup 
of sorrow ; the heavenly boon of glowing health, and the thousand diseases 
and painful deaths,—he must indeed be gifted with sublime endurance or 
undying faith who can still believe that out of this chaos order can come, or 
out of this suffering happiness and health. 

In the scheme of Providence it may not be meant that man shall be 
healthy. Diseases of mind and of body may be the cross he has to bear; or 
it may be the evil against which he has to struggle, and whose shackles he is 
finally to unloose. The last disease will disappear, we may believe, only 
when man is perfect; and as in the presence of the Saviour all disease was 
healed, so, before perfect virlue, sorrow and suffering shall fade away. 
Whether the world is ever to see such a consummation no man can say; but 
as ages roll on, hope docs in some measure grow. In the midst of all our 
weaknesses, and all our many errors, we are certainly gaining knowledge, and 
that knowledge tells us, in no doubtful terms, that the fate of man is in his 
own hands. NAWAB SALAR JUNG Boro F: 

It is undoubtedly true that we can, even now,. literally choose between 
health or disease ; not, perhaps, always individually, for the sins of our 
fathers may be visited upon us, or the customs of our life and the chains of 
our civilisation and social customs may gall us, or even our fellow-men may 
deny us health, or the knowledge which leads to health. But asa race, man 
holds his own destiny, and can choose between good and evil; and as time 
unrolls the scheme of the world, it is not too much to hope that the choice 
will be for good. 


Looking only to the part of hygiene which concerns the physician, a perfect 
system of rules of health would, I conceive, be best arranged in an orderly 
series of this kind. 

The rules would commence with the regulation of the mother’s health while 
bearing her child, so that the growth of the new being should be as perfect as 
possible. Then, after birth, the rules (different for each sex at certain times) 
would embrace three epochs ;* of growth (including infancy and youth) ; of 
maturity, when fgr many years the body remains apparently stationary ; of 
decay, when, without actual disease, though, doubtless, in consequence of some 
chemical changes, molecular feebleness and death commence in some part or 
other, forerunning general decay and death. 


* First expressly noted by Galen. 
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In these several epochs of his life, the human being would have to be 
considered — 

let, In relation to the natural conditions which surround him, and which are 
essential for life, such as the air he breathes ; the water he drinks ; his food, 
the source of all bodily and mental acts; the soil which he moves on, and the 
sun which warms and lights him, &c. ; in fact, in relation to nature at large. 

2d, In his social and corporate relations, as a member of a community with 
certain customs, trades, conditions of dwellings, clothing &c. ; stfbjected to 
social and political influences, sexual relations, &c. 

3d, In his capacity as an independent being, having within himself sources 
of action, in thoughts, feelings, desires, personal habits, all of which affect 
health, and which require self-régulation and control. 

Even now, incomplete as hygiene necessarily is, such a work would, if 
followed, almost change the face of the world. But would it be followed? 

In some cases the rules of hygiene could not be followed, however much 
the individual might desire to do so. For example, pure air is a necessity for 
health ; but an individual may have little control over the air which surrounds 
him, and which he must draw into his lungs. He may be powerless to pre- 
vent other persons from contaminating his air, and thereby striking at the 
very foundation of his health and happiness. Here, as in so many other cases 
which demand regulation of the conduct of individuals towards each other, 
the State steps in for the protection of its citizens, and enacts rules which shall 
be binding upon all. Hence arises what is now termed “State Medicine,” a 
matter of the greatest importance. The fact of “State Medicine” being pos- 
sible, marks an epoch in which some sanitary rules receive a general consent, 
and indicates an advancing civilisation, Fear has been expressed lest State 
Medicine should press too much on the individual, and should too much lessen 
the freedom of personal action. This, however, is not likely, as long as the 
State acts cautiously, and only on well-assured scientific grounds, and as long 
as an unshackled Press discusses with freedom every step.* 
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* A watchful care over the health of the people, and a due regulation of matters which con- 
cern their health, is certainly one of the most important functions of Government. The fact 
that, in modern times, the subject of hygiene generally, and State Medicine in particular, has 
commenced to attract so much the public attention, is undoubtedly owing to the application of 
statistics to public health. It is impossible for any nation, or for any Government, to remain 
indifferent when, in figures which admit of no denial, the national amount of health and happi- 
ness, or disease and suffering, is determined. ‘The early Statistical Reporta of the Army by 
Tulloch, Marshall, and Balfour, directed attention to the importance of this matter. The 
establishment of the Registrar-General’s office in 1838, and the commencement of the system of 
accurately recording births and deaths, will hereafter be fuund to be, as far as the happiness 
of the people is concerned, one of the most important events of our time. We owea nation’s 
gratitude to the Registrar-General for the persistence with which he has used his official posi- 
tion for the pubis good, and to his able coadjutors, especially to him to whose sagacity the 
chief fruits of the inquiry are due, to William Farr. 

Another action of the Government in our day was scarcely less important. It is impossible 
to overrate the value of the Government Inquiry into the Health of Towns, and of the country 
generally, commenced more than a quarter of a century ago by Edwin Chadwick, Southwood 

mith, Nei] Arnott, Sutherland, Guy, Toynbee, and others, and which kas, in fact, been con- 
tinued ever since, and is now vigorously carried on by the official successor of these pioneers, 
the medical officer to the Privy Council, Mr Simon. Consequent on this movement came the 
appointment of medical officers of health to the different towns and shes. The reports 
pu lished by many of these gentlemen (Letheby, Dundas Thomson, Buchanan Lankester, 

illier, Ballard, and many others) have greatly advanced the subject, and have done much to 
diffuse a knowledge of hygiene among the people, and at the same time to extend and render 
precise our knowledge of the conditions of national health. When the effect of all there 
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There are, however, some cases in which the State cannot easily interfere, 
though the individual may be placed under unfavourable hygienic conditions 
by the action of othera, For example, in many trades, the employed are sub- 
jected to danger from the carelessness, or avarice, or ignorance of the em- 
ployers. Every year the State is, however, very properly more and more 
interposing and shielding the workman against the dangers which an ignorant 
or careless master brings on him. 

But in 8ther cases the State can hardly interpose with effect; and the 
growth of sanitary knowledge, and the pressure of public opinion, alone can 
work a cure, as, for example, in the case of the dwellings of our poorer classes. 
In many parts of the country the cottages are unfit for human beings ; in 
many of our towns, the cupidity of builders rans up houses of the most miser- 
able structure, for which there is unhappily nq lack of applicants ; or masters 
oblige their men to work in rooms, or to follow plans whieh are most detvi- 
mental to health. 

But even in such cases it will, I believe, be always found that self-interest 
would really indicate the course which is one of the foremost rules of religion. 
viz., that we,should do for our neighbours as for ourselves. Analyse also the 
effect of such selfishness and carelessness as I have referred to on the nation 
at large, and we shall find that the partial gain to the individual is far more 
than counterbalanced by the injury to the State, by the discontent, reckless- 
ness, and indifference produced in the persons who suffer, and which may 
have a disastrous national result. It is but too commonly forgotten that 
the whole nation is interested in the proper treatment of every one of its 
members, and in its own interest has a right to see that the relations between 
individuals are not such as in any way to injure the well-being of the com- 
munity at large. 

In many cases, again, the employer of labour finds that, by proper sanitary 
care of his men, he reaps at once an advantage in better and more zealous 
work, in fewer interruptions from ill health, &c., so that his apparent outlay 
is more than compensated. 

This is shown in the strongest light by the army. The State employs a 
large number of men, whom it places under its own social and sanitary con- 
ditions, It removes from them much of the self-control with regard to 
hygienic rules which other men possess, and is therefore bound by every 
principle of honest and fair contract to see that these men are in no way 
injured by its system. But more than this: it is as much bound by its self 
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researches and measures develops itself, it will be seen that even great wars and political earth- 
uakes are really nothing in comparison with these silent social changes. Even now legislation, 
though fragmentary and in some respects contradictory, is beginning to exert a deep influence. 
In the last few years several important Acts have been passed, viz., the Sanitary Act (7th 
August 1866), and the Amended itary Act (July 1868); the Public Health (Scotland) Act 
(August 1867) ; the Act for providing better Dwellings for Artisans and Labourers (July 1868), 
and the former Acts o» the same subject in 1866 and 1867 : the Sewage Utilisation Act (August 
1867), The Public Health Act of 1872 has advanced the subject another stage, and though 
some dissatisfaction has been expressed at its mode of working, there seems little doubt that 
its ultimate effect will be far deeper and more useful than appears at first sight. Legislation, 
and action based on legislation, can only proceed slowly, and we must be satisfied if there 
@ continual advance, though it may not be so rapid as some desire.* 


* More recently the Public Health Act of 1876 has been passed, as well as the Amended Adulteration Act 
the Rivers Pollution Act, and others. 
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interest. It has been proved over and over again that nothing is so costly in 
all ways as disease, and that nothing is so remunerative as the outlay which 
augments health, and in doing so, augments the amount and value of the 
work done, 

Tt was the moral argument as well as the financial one which led Lord 
Herbert to devote his life to the task of doing justice to the soldier, of in- 
creasing the amount of his health, and moral and mental training, and, in so 
doing, of augmenting not only his happiness, but the value of histservices to 
the country. And by the side of Lord Herbert in this work was one whose 
name will ever be dear to the country, and whose life, ever since that memor- 
able winter at Scutari in 1855, has becn given up entirely to the attempt to 
improve the condition of the soidier. 

This book has been written {o assist in carrying out one of Lord Herbert's 
plans, and in accordance with his wish, and with that of Lord de Grey, his 
friend, coadjutor, and successor. 

It has, therefore, been sketched on a narrower basis than the longer treatise 
indicated above, which would have to deal with both sexes, all ages, and 
various trades and conditions. 

Although, however, as dealing with Military Hygiene, and drawing its 
chief examples from the soldier's life, it is a work on Army sanitation, it yet 
includes the great principles of hygiene applicable to all men—principles 
which, though here stated nesessarily in the briefest and barost way, are, I am 
persuaded, fraught with benefit to all men, if they are properly interpreted 
and faithfully applied. 


BOOK I. 


CHAPTER J. 
WATER. 


THe supply of wholesome water in sufficient quantity is a fundamental 
sanitary necessity. Without it injury to health inevitably arises, either 
simply from deficiency of quantity, or more frequently from the presence of 
impurities. Jn all sanitary investigations, the question of the water-supply 
is one of the first points of inquiry, and of late years quite unexpected 
evidence has been obtained of the frequency with which diseases are 
introduced by the agency of water. In such an investigation, if the headings 
of the sub-sections of this chapter are followed, and the facts are noted under 
each heading in order, it will be hardly possible to overlook any condition 
which may have affected health. The order of investigation would be as 
follows :—Quantity of water per head ; how is it collected; stored; distvi- 
buted ; what is its composition; is it wholesome water at its source and 
throughout, or has it been contaminated at any point of its distribution ; what 
are the effects presumed to arise from it 1* 


SECTION I. 
ON THE QUANTITY AND SUPPLY OF WATER. 


Sus-Srorion I.—1. Quantity or Water ror Heattray MEn. 


In estimating the quantity of water required daily for each person, it is 
necessary to allow a liberal supply. There should be economy and avoidance 





* Army Regulations on the subject of Water.—The Regulations for the Medical Department 
of Her pina fs Army frequently refer to the supply of water. In Part II., Section i., para- 
graph 6 (issued as a circular July 1875, pending the complete issue of the Revised Regulations) 
the Surgeons General and Deputy Surgeons General are directed to ‘ascertain that the water- 
supply is good and abundant, and perfectly protected from pollution.” Also, ‘that tbe means 
of ablution and cleanliness are sufficient and made use of by the men.” In the Sanitary Regula- 
tions (army circular, December 1876) Section ii. paragraph 6, the medical officer in charge of 
troops is ordered to examine, from time to time, “the quality and amount of drinking-water, 
and to ascertain that there is ‘‘no soakage from latrines, cesspools, drains, or other sources of 
impurity.” He is also ordered to inspect the lavatories and baths. In Sections vi. and vii. the 
ae ea veryielon over the water-supply of camps and garrisons and transport ships is 

oined. 
When an army takes the field a Sanitary Officer is appointed, and he examines into all 
Sanitary points, including the water-supply. (Section viii. paragraph 63.) 

In the quarterly and annual reports te water-supply has to be considered, in common with 
other sanitary conditions, including ‘‘ the sources, quality, and quantity of the water-supply, 
and whether it is wholesome, and what means of purification are in use, if such he necessary. 
Also, ‘‘ Baths and lavatories, their conditions, and if sufficient for cleanliness for troops 
and sick ; whether there are bathing parades and how often a week.” 
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of waste ; but still, any error in supply had far better be on the side of excess. 
In England many poor families, either from the difficulty of obtaining water, 
or of getting rid of it, or from the habits of uncleanliness thus handed down 
from father to son, use an extremely small amount. It would be quite 
incorrect to take this amount as the standard for the community at large, or 
even to fix the smallest quantity which will just suffice for moderate cleanli- 
ness. It is almost impossible to give a definition of cleanliness, fior perhaps 
is it necessary, since there is a general understanding of what is meant. 

It must be clearly understood for what purposes water is supplied. It may 
be required for drinking, cooking, and ablution of persons, clothes, utensils, 
and houses; for cleansing of closets, sewers, and streets ; for the drinking and 
washing of animals, washing of carriages and stables ; for trade purposes ; for 
extinguishing fires ; for public fountains or baths, &c. 

In towns supplied by water companies, the usual mode of reckoning is to 
divide the total daily supply in gallons by the total population, and to express 
the amount per head per diem. 

The following are some of the gross amounts used at the present time for 
all the above purposes, as judged of in this way :— 


Gallons per head 


of population daily. 

New River Company in London 1866,* 23 
East London Water-Work Company, ,, . ; : 22 
Chelsea i ane , . 33'8 
West Middlesex i 5% ; : 30 
Grand Junction " — ‘ : 34 
Southwark and Vauxhall ,, 59% ,; ‘ 21 
Lambeth = yea : ; 34 
Southampton, 6 fit : : 35 
Glasgow, ‘ sae ; ; 50 
Derby,t , :; ; ' : : 14 
Nottingham,+ . , i . 17 
Norwich, ft : : ; : ' 12 
Edinburgh, ; : . ; 35 
Liverpool, , : . ; 30 
Sheffield ; , . ‘ ; : 20 
Paris, . ; ; : ; : 31 
Calcutta (for European) . . ; 30 

» (for Natives) . é 15 
New York : : : : . 9800 


In 1857 the average suppply to fourteen English towns, of second-rate 
magnitude, was 24 gallons. The average of 72 English and Scotch towns, 
supplied on the constant system, is 134:4 gallons per house, (but this includes 
the supply to factories, of which there were 16,087 to 889,028 houses), or (at 
5 persons to each house), 26°7 per head; of 23 towns, supplied on the in- 
termittent system, 127 per house, or 25-4 per head, including 1367 factories to 
137,414 houses ; and of London, also on the intermittent system, 204, or 41 per 
head, including 5340 factories to 499,582 houses. (Sixth Report of the Rivers 
Pollution Commissioners, pp. 232, 233.) The range in individual cases is, how- 
ever, very great, from 20 gallons per house (4 per head) at*Heywood, to 700 at 








* These and other London amounts are taken from the Re of the Committee of the 
Houge of Commons on the East London Water Billa, 1867, p. 817. The Edinburgh amount is 
tuken from the same work. 
pe dhe Mr Beggs’ pamphlet on “Constant Water Supply,” issued by the Social Science 

sociation. 
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Middlesborough (140 per head). Mr Bateman states that in the manufactur- 

ing towns of Lancashire and Yorkshire, the present amount is from 16 to 21 
gallons ; in some cases less, according to the table in the Sixth Report of the 
Rivers Pollution Commissioners. 

At Norwich about 144 gallons daily per head are supplied on the constant 
system, of which 10°5 are taken for domestic purposes, 3 for trade, and -7 
gallons for*public and sanitary purposes.* In Manchester the supply is also 
constant, and is 14 gallons per head for domestic, and 7 for trade purposes. 

By arecent decision of the Secretary of State for war, a soldier is to receive 
15 gallons daily ; no extra allowance is made for the wives and children in a 
regiment. 

The gross amount thus taken is used for different purposes, which must be 


now considered. : 


“Amount for Domestic Purposes, excluding Water-Closets. 


This item includes drinking, cooking, washing the person, the clothes, the 
house utensils, and the house. 

An adult requires daily about 70 to 100 ounces (3} to 5 pints) of water for 
nutrition ; but about 20 to 30 ounces of this are contained in the bread, meat, - 
&e., of his food, and the remainder is taken in some form of liquid. There 
are, " however, “wide ranges from the average. "Women drink rather less than 
men; children drink, of course, absolutely less, but more in proportion to 
their bulk than adults. The rules for transport vessels allow 8 pints in, and 
6 out of the tropics for cooking and drinking. During hot weather and great 
exertion a man will, of course, drink much more. 

In some experiments made for the War Office in 1866, at the Richmond 
Barracks in Dublin and the Anglesey Barracks in Portsmouth, the amount of 
the different items of the domestic supply (excluding latrines, which take 5 
gallons per head) is thus given :— 


Gallons per 
soldier daily, 
Cook-house, : ; ‘ : : 
Ablution rooms and baths, : : ; : 4 
Cleaning barracks, ; ; ; ; 2°25 
‘Wash-house and married people, ; ; : 2°5 
9°75 


I have measured the water used in several cases; the following was the 
amount used by a man in the middle class, who may be taken as a fair type 
of a cleanly man belonging to a fairly clean household :— 


Gallons daily per 
one person. 
Cooking, . : 
Fluids as drink (water, tea, coffee), . : : 33 
Ablution, including a daily pone which cae 5 
took 2} to 3 gallons, 

Share of utensil and house -washing , 3 
Share of clothes (laundry) washing estimated, 3 

e 12 


These results are tolerably accordant with the Dublin experiments, if we 
remember that with a large household there is economy of water in washing 
utensils and clothes, and that the number of wives and children in a regiment 
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is not great. In poor families, who draw water from wells, I have found the 
amount to vary from 2 to 4 gallons per head, but then there was certainly not 
perfect cleanliness. ; 

Mr Bateman* states that in a group of cottages with 82 inmates, the daily 
average amount was 7} gallons per head, and in another group 5 gallons per 
head. Dr Letheby found in the poor houses in the city of London the amount 
to be 5 gallonst In experiments in model lodging-houses, Mr Muir states 
that 7 gallons daily were used.t Mr Easton, in his own house in London, 
found he used about 12 gallons per head, of which about 5 wer® for closets, 
leaving 7 for other uses; but I infer that the laundry washing was 
not included. In the convict prison at Portsmouth, where there are water- 
closets, and each prisoner has a general bath once a week, the amount is 11 
gallons (Wilson). - 

In several of the instances just referred to, it may be questioned whether 
the amount of cleanliness was:equal to what would be expected in the higher 
ranks. In most instances quoted no general baths were used ; but it is now 
becoming so common in England to have bath-rooms, that it is said they are 
often put even in eight-roomed houses, A general bath for an adult requires, 
with the smallest adult bath (7.¢., only 4 feet long and 1 foot 9 inches wide), 
38 gallons, and many baths will contain 50 to 60 gallons. A good shower- 
bath will deliver 3 to 6 gallons. General baths used only once a-week will 
add 5 or 6 gallons per head to the daily consumption. 

I believe we may safely estimate that for personal and domestic use, without 
baths, 12 gallons per head daily should be given as a usual minimum supply ; 
and with baths and perfect cleanliness, 16 gallons should be allowed. This 
makes no allowance for water-closcets or for unavoidable waste. If from want 
of supply the amount of water must be limited, 4 gallons daily per head for 
adults is probably the least amount which ought to be used, and in this case 
there could not be daily washing of the whole body, and there must be in- 
sufficient change of under-clothing. 

If public baths are used the amount must be greatly increased. The largest 
baths the world has seen (those of Ancient Rome) demanded a supply of 
water so great as, according to Leslie’s calculations, to raise the daily average 
per head to at least 300 gallons. 


Amount for Water-Closets. 


The common arrangements with cisterns allow any quantity of water to be 
poured down, and many engineers consider that the chief waste of water is 
owing to water-closets. In some districts, by attention to this point, the con- 
sumption has been greatly reduced ; in one case from 30 to 18, and in another 
from 20 to 12 gallons per head. It has not yet been precisely determined 
what quantity should be allowed for water-closets. Small cisterns, termed 
water-waste preventers, are usually put up in towns with constant water 
supply, which give only a certain limited amount each time the closet is used. 
The smallest water-waste preventer holds ? gallon, but this is too little The 
better kinds hold 1 to 2 gallons; but even 2 gallons are often insufficient to 
keep the pan and soil-pipe perfectly clean ; the water-waste preventer must be 
sometimes allowed to fill again, and be agajn emptied. Considering also that 
some persons will use the closet twice daily and sometinies oftener, and that 
occasionally more water must be used for thoroughly flushing the pan and 





* On “Constant Water Supply,”” By Messrs Bateman, Beggs, & Rendle. 1867. 

+ ef ag 4 the East London Water Bill Committee, 1867. Questions 2346 and 2347. 
t Ibid, p. 6. | 
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soil-pipe, 6 gallons a-day per head ‘should probably be allowed for closets. In 
this particular instance a false economy in the use of water is most undesirable. 
Water latrines require less ; the amount is not precisely known ; the experi- 
ments of the Royal Engineers at Dublin give an average of 5 gallons per 
head, but it is considered this might be reduced. 

In fixing the above quantities, viz, 12 gallons per head for all domestic 
purposes except general baths and closets, 4 gallons additional for general 
baths, and 4 for water-closets, I shall be considered by some to have fixed the 
daily supply too high, while by others I shall be accused of the contrary fault. 
I have endeavoured to base it on facts, and do not think I am much in error. 
It is, however, necessary to make some allowance for unavoidable waste, and 
for extra supply to closets, and it will be a moderate estimate to allow 3 
gallons daily per head for this purpose. This «will make 25 gallons. 

There is another reason for believing that an amount of about 25 gallons 
per head should pass from every house daily into sewers, if sewers are uscd. 
It is that in most cases this quantity seems necessary to keep the sewers 
perfectly clear, though in some cases, no doubt, with a well-arranged and con- 
structed sewerage, a less amount may suffice. But ‘the complete clearage of 
sewers is a matter of such fundamental importance that it is necessary to take 
the safest course. 

Amount for Animala. 

From experiments conducted in some cavalry stables in 1866, by the Royal 
Engineers, the War Office authorities have fixed the daily supply for cavalry 
horses at 8 gallons, and for artillery horses at 10 gallons per horse. This is 
to include washing horses and carriages. The amount seems rather small. 
Of course the amount that horses drink varies as much as in the case of men, 
and depends on food, weather, and exertion; but if a horse is allowed free: 
access to water at all times, and this should be the case, he will drink on an 
average 6 to 10 gallons, and at times more. In the month of October, with 
cool weather, I found a horse 16 hands high, doing 8 miles a-day carriage- 
work, and fed on corn and hay, drank 74 gallons. Another carriage horse 
drank nearly the same amount. Ina stable of cavalry horses, doing very 
little work, and at a cool time of the year, 1 found the amount por horse to be 
64 gallons. The amount used for washing was 3 gallons daily. In hot and 
dirty weather the quantity for both purposes would be larger. For washing 
a horse requires at least 14 gallon, and twice this amount if he is washed 
twice a-day. There is a saving, however, if grooms wash several horses if 
the same water. It is difficult to say how much is used for carriage-washing. 
On the whole, including carriage washing, &c., 16 gallons per horse is not an 
excessive amount. A cow or an ox, on dry food, will drink 6 or 8 gallons; 
a sheep or pig, 4 to 1 gallon. In the Abyssinian expedition, the following 
was the calculation for the daily expenditure of water per head on ship- 
board :— 


Elephants, mod ae : . 25 gallons. 
Camels, : ; : 10° 
Oxen (large draught), ; : : 6 (y, 
Oxen (small ag een ; : . B: es 
Horses, * , . : 6 (Cy, 
Mules and ponies : ; 5, 


For 20 elephants and 100 men, 50 ,000 gallons: were put on board for a 
voyage of 60 days.* 


This information was darived froma eel Holland, Aussistunt ee 
Abyssinian Ampy. 
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Amounts required for Municipal and Trade Purposes. 


For municipal purposes water is taken for washing and watering streets, for 
fountains, for extinguishing fires, &c. The amount for these and for trade 
purposes will vary greatly. Professor Rankine,* who gives an average 
allowance of 10 gallons per head for domestic purposes, proposes 10 more for 
trade and town use in non-manufacturing towns, and another 10 gallons in 
manufacturing towns. Considering, however, the comparatively small number 
of horses and cows in towns as compared with the human population, and the 
frequent rains in this country which lessen watering of streets, these quantities 
might, perhaps, in most cases be halved. 

If, now, the total daily amount for all purposes be stated per head of 
population, it will be as followg :— 


G.llons. 
Domestic supply (without baths or closets), 
Add for general baths _.. : : ‘ ; 4. 
Water-closets, ‘ ; ‘ ‘ ; ; 6 
Unavoidable Waste, : ; : ; ; 3 
Total house supply, ‘ : 25 


Town and trade purposes, animals in non-manufacturing town, 5f 
Add for exceptional manufacturing towns, . ‘ 5 


35 


In India and hot countries generally, the amounts now laid down would 
have to be altered. Much more must be allowed for bathing and for washing 
generally, while a fresh demand would arise for water to cool mats, punkahs, 
or air-passages by evaporation. In Calcutta it is intended to supply to 
Europeans 30 gallons per head, and to natives 15 gallons daily. 

In Madras, it appears to be assumed that the ultimate amount used will be 
20 gallons per head, including all residents.§ 


2. AMOUNT REQUIRED FoR Sick MEN. 


In hospitals a much larger quantity must be provided, as there is so much 
more washing and bathing. From 40 to 50 gallons per head are often used. 
I know of no good experiments as to the items of the consumption, but I 
think the following is near the truth :— 


Galions dally. 
for drinking and cooking, washing kitchen and 

utensils, . ‘ ; ; ato 4 
For personal washing and general baths, . 18 to 20 
For laundry washing, . a” ; . 5to 6 
Washing hospital, utensils, &c., ‘ : 3 to 6 
Water-closets, . : ; : : 10 

38 to 46 


It would be very desirable to have more precise data ; ppssibly the amount 
for closets is put too high, but not greatly so when all cases are taken into 
account. 





* Civil Engineering, 1862, p. 731. 

t This allowance will. vary rey case, and must be very uncertain. 
Gordon’s Army Hygiene, p. 426. 

§ Report by Captain Tulloch on the Drainage of Madras, 1865, p- 9% 
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Svus-Szorion Il.—Corzzcorion, Storage, aND DIsTRIBUTION oF WartER. 


The daily necessary quantity of water per head being determined, the next 
points are to collect, store, and distribute it, . 


1. CoLLECTION. 


In many cases collections of water occur naturally in the depressions of the 
surface, or the commingling of small streams forms rivers. The collection by 
men consigts almost entirely in imitating these natural processes, and in 
directing to, and finally arresting at some point, the rain or the streamlets 
formed by the rain. The arrangements necessarily differ in each case. 
Rain-water is collected from roofs, or occasionally from pavements and flags, 
or cemented ground; in hilly countries, with deep ravines, a reservoir is 
sometimes formed by carrying a wall across a valley, which is well placed for 
receiving the tributary waters of the adjacent hills, or on a flatter surface 
trenches may be arranged, leading finally to an excavated tank. 

The collection of the surface water which has not penetrated is usually 
aimed at, but it has been proposed by Mr Bailey-Denton* to collect the sub- 
soil water by drainage pipes, and thus to accomplish two objects—to dry the 
land, and to use the water taken out of it. Below the surface the water is 
collected by wells, shallow, deep, and Artesian, or by boring. 

With respect to wells, if they are situated near a river, and do not produce 
sufficient water, it has been recommended to lay perforated earthenware pipes 
parallel to the river, and below its fine-weather level, in trenches not less than 
6 feet decp, and filled up above the pipes with fine gravel. The pipes end in 
the well, and water passing from the river and_ filtered through the gravel 
passes into them. The American tube-well (Norton’s patent) is a very useful 
invention. It is merely a small iron pipe driven into the ground in lengths 
by means of a “monkey ;” the water passes through small holes in the lowest 
part of the pipe, and is drawn up by a common or double action pump 
according to the depth.t 

All these matters fall within the province of the engineer, and the medical 
part of the question is chiefly restricted to the consideration of the purity of 
the water. The cleanliness and nature of the surface (lead, zinc, copper, &c.) 
on which rain falls ; the kind of ground ; and of cultivation; the amount of 
manuring ; the nature of the subsoil if drainage water is used, and points of 
the like kind, have to be considered and supplemented by a chemical 
examination. 

Rain.—The amount of water given by rain can be easily calculated, if two 
points are known—viz., the amount of rainfall, and the area of the receiving 
surface. The rainfall can only be determined by a rain-gauge (the mode of 
constructing which is given in the chapter on Practica, Mrrrorooey) ; the 
area of the receiving surface must be measured. 

Supposing that it be known that the rainfall amounts to 24 inches per 
annum, and the area of the receiving surface (say the roof of a house) is 506 
square feet ; 

Multiply the area by 144 (number of square inches in 1 square foot), to 
bring it into square inches, and multiply this by the rainfall. The product 
gives the number vf cubic inches of rain which fall on the house-top in a year, 
or in any time the rainfall of which is known. This number, if divided by 
277:274, or multiplied by ‘003607, will give the number of gallons which 





* On the Supply of Water to Vil and Farms, by Mr Bailey-Denton, C.E. ; 
+ In the As sates Expedition the tube well did not succeed, as it got clogged with sand. 
(See Sir A. Dg Home’s Report, Army Medical Reports, vol. xv. p. 247). 
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the roof of the house will receive in a year (viz, in this case 6232 gallons) ; 
or, if it is wished to express it in cubic feet, the number of cubic inches must 
a Sete by 1728 (number of cubic inches in a cubic foot), or multiplied by 
00058. 

To calculate the receiving surface of the roof of a house, we must not take 
into account the slope of the roof, but merely ascertain the area of the flat 
space actually covered by the roof. The joint areas of the ground-floor rooms 
will be something less than the area of the roof, which also covers the thick- 
ness of the walls and the eaves. 7 

In most English towns the amount of roof space for each person cannot be 
estimated higher than 60 square feet ; and in some poor districts is much less. 
Taking the rainfall in all England at 30 inches, and assuming that all is saved, 
and that there is no loss from eyaporation, the receiving surface for each person 
would give 935 gallons, or 24 gallons aday. But as few town houses have 
any reservoirs, this quantity runs in great part to waste in urban districts. 
In the country it is an important source of supply, being stored in cisterns or 
water-butts. If, instead of the roof of a house, the receiving surface be a 
piece of land, the amount may be calculated in the same way.* It must be 
understood, however, that this is the total amount reaching the ground ; all 
of this will not be available; some will sink into the ground, and some will 
evaporate ; the quantity lostin this way will vary with the soil and the season 
from one-half to seven-eighths. To facilitate these calculations, tables have 
been constructed by engineers. + 

One inch of rain delivers 4°673 gallons on every square yard, or 22,617 
gallons (101 tons by weight) on each square acre. t 

In estimating the annual yield of water from rainfall, and the yield at any 
one time, we ought to know the greatest annual rainfall, the least, the average, 
the period of the year when it falls, and the length of the rainless season. It 
must also be remembered that the amount of rainfall differs very greatly even 
in places near together. 

Springs, Rivers.—lt will often be a matter of great importance to determine 
the yield of springs and small rivers, as a body of men may have to be placed 
for some time in a particular spot, and no engineering opinion, perhaps, can 
be obtained. 

A spring is measured most easily, by receiving the water into a vessel of 
known capacity, and timing the rate of filling. The spring should be opened 
up if necessary, and the vessel should be of large size. The vessel may be 
measured either by filling it first by means of a known (pint or gallon) 
measure, or by gauging it. If it be round or square, its capacity can be at 
once known by measuring it, and using the rules laid down in the chapter for 
measuring the cubic amount of airin rooms. The capacity of the vessel in 
cubic feet may be brought into gallons if desirable, by multiplying by 6-23. 
If a tub or cask only be procurable, and if there is no pint or gallon measure 
at hand, the following rule may be useful :— 

Take the bung diameter in inches, by measuring the circumference at the 
bung, dividing by 3°1416, and making an allowance for the thickness of the 
staves; square the bung diameter, and multiply by 39. Take the head 
diameter by direct measurement, and square it, and multiply by 25. Multiply 





* Qsequare feet — 1 square yard. Square yarda x °0002067 = acres. 
$840 square yards = 1 square acre. neal feet =x 00019 = miles, 
640 square acres = 1] square mile. 
+ Beardmore’s Manual of Fydrology, p. 41. ; 
+t To being culo inches into gallona, multiply by 40 and divide by 11,091, or multiply at 
once by : 
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one diameter by the other, and the product by 26. Add tho sums, 
and multiply by the length of the cask; then multiply by 000031473, and 
the result is given in gallons.* 

When it is required to ascertain the yield of any small water-course with 
some nicety, it is the practice of engineers to dam up the whole stream, and 
convey the water by some artificial channel of known dimensions. 

1. A wooden trough of a certain length, in which the depth of water and 
the time which a float takes to pass from one end to the other is measured. 

2. A sluice of known size, in which the difference of level of the water 
above and below the sluice is measured.f 

3. A weir formed by a plank set on edge, over which the water flows in a 
thin sheet, and the difference of level is measured between the top of the 
plank and the surface of the still water above., Then by means of a table the 
amount of water delivered per minute is read off. The weir must be formed of 
very thin board and be perfectly level ; a plumb-line has generally to be used. { 

The same object may, however, be attained with sufficient accuracy 
for the purposes of the medical officer by selecting a portion of the stream 
where the channel is pretty uniform, for the length of, say not less than 
12 or 15 yards, and in the course of which there are no eddies. Take 
the breadth and the average depth in three or four places, to obtain the 
sectional area. Then, dropping ina chip of wood, or other light object, notice 
how long it takes to float a certain distance over the portion of channel 
chosen, From this can be got the surface velocity per second, which is 
greater of course than the bottom or the mean velocity. Take four-fifths of 
the surface velocity (being nearly the proportion of mean to surface velocity), 
and multiply by the sectional area. The result will be the yield of the 
stream per second. 

It may sometimes be worth while, if labour be at hand, to remove some of 
the irregularities of the channel, or even to dig a new one across the neck of | 
a bend in the course of the stream. 

The yield of a spring or small river should be determined several times, 
and at different periods of the day. 

Wells.—The yield of wells can only be known by pumping out the water 
as far as can be done, and noticing the length of time required for refilling. 
In cases of copious flow of water, a steam-engine is necessary to make any 
impression ; but, in other cases, pumping by hand or horse labour may be 


* Nesbit’s Practical Mensuration, 1859, p. 809. Another rule, applicable to common forms 
of casks is to eee cube of the diagonal by 0°00225 ; the cube of the diagonal is got by 
adding the square of half the sum of the diameters to the hepa of half the length ;—then 
this sum multiplied by its square root gives the cube of the diagonal. This and many other 
kee asa can be very conveniently done by means of the common, or carpenter's, 
slide-rule. 

' + Discharge of water through a sluice.—Multiply breadth of opening by the height ; this 
gives the area of the sluice. 

Discharge=area, multiplied by fe tines the root of head of water in feet.—The 
head of water is the difference of level of the water above and below the dam, if the sluice be 
entirely under the lower level; or the pent of the upper level above the centre of the 
opening, if the sluice be above the lower level. 

LD of water over a weir 1 foot in length.—If the weir is more or less than a foot, 
sap pas td the quantity in the table opposite the given depth by the length of the weir in feet, 


or decimals of a foot. » 
Depth falling Discharge per Depth falling Discharge per 
over, Inches. minute. over, inches. minute. 
1°70 cubic feet. 2h ° . 19°70 cubic feet. 
1 ° . 4 a” F) e ‘ 2 5 a ” 
18 . ‘ccs ”» rg . . 88°22 ,,  » 


: 63 , ‘ - 40°71 ,, : 
Thus, if the weir measure 1 foot, ‘and the depth of water falling over be 2 inches, the delivery 
is read at oncg, vis, 18°63 cubic feet, or 649 gallons per minute. 
e 
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ity taken ou 
‘ont perceptibly to depress the water, and then, if the quantity , 
strc Ay the nis taken for ‘vad the well be noted, an approx! 
‘mate can be formed of the yie 
gy apes of Supply.—It is obvious that the permanence of _ supply 
of a spring or small stream may often be of the greatest moment in the case 
of an encampment, or in the establishment of a permanent stations 
In the first place, evidence should, when available, be obtained. If no 
evidence can be got, and if the amount and period of rain be not «nown, it 1s 
almost impossible to arrive at any safe conclusion. The country which forms 
the gathering ground for the springs or rivers should be considered. If there 
be an extensive background of hills, the springs towards the foot of the hills 
will probably be permanent. In a flet country the permanency is doubtful, 
unless there be some evidence from the temperature of the spring that the 
water comes from some depth. In limestone regions springs are often fed 
from subterranean reservoirs, caused by the gradual solution of the rocks by 
the water charged with carbonic acid; and such springs are very permanent. 
In the chalk districts there are few springs or streams, on account of the 
porosity of the soil, unless at the point the level be considerably below that 
of the country generally. The same may be said of the sandstone formations, 
both old and new ; but deep wells in the sandstone often yield largely, as the 
permeable rocks form a vast reservoir. In the granitic and trap districts, 
small streams are liable to great variations, unless fed from lakes ; springs are 
more permanent when they exist, being perhaps fed from large collections or 
lochs. 


2. STORAGE. 


The amount of storage required will depend on circumstances, viz., the 
amount used, and the ease of replenishing. It is, of course, easy to calculate 
the space required when these conditions are known, in this way :—The 
number of gallons required daily for the whole population must be divided by 
6-23 to bring into cubic feet, and multiplied by the number of days which 
the storage must last; the product is the necessary size of the reservoir in 
cubic feet. 

Many waters, particularly rain water, must be filtered through sand before 
they pass into small cisterns, and the filter should be cleaned every three or 
four months. Fig. 1. is a single filter recommended by the Barrack Com- 
mission, * 

A double filter can be made by having a second chamber. 

Whatever be the size of the reservoir, it should be kept carefully clean, 
and no possible source of contamination should be permitted. In the large 
reservoirs for town supply, the water is sometimes rendered impure by floods 
washing surface refuse into them, or by substances being thrown in. In fact, 
in some cases, water pure at its source becomes impure in the reservoirs. 

Some large cities are still supplied principally by rain water, as Cén- 
stantinople—where under the houses are enormous cisterns,—Venice, and 
other places. Gibraltar and Malta are in part supplied in this way. 

As far as possible, all reservoirs, tanks, &c., should be covered in and 
ventilated ; in form they should be deep rather than extended, so as to lessen 
evaporation, and secure coolness. Though they should be periodically and 
carefully cleaned, it would, appear that it is not always wise to disturb water 
plants which may be growing in them; some plants, as the Protococcus, the 
Chara, ‘and others, give out a very large amount of oxygen, and thus oxidise 





* Report on the Mediterranean Stations, 1863, Ps 
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and render innocuous the organie matter which may be dissolved in the water 

or yolatilised from the surface.* Dr Chevers mentions that the water of 
some tanks which were ordered to be cleared of water plants by Sir Charles 
Napier, deteriorated in quality. Other plants, however, as some species of 
duckweed (Lemna at home, Pistia in the tropics), are said to contain an acrid 
matter which they give off to the water. It would be well to remove some 
of the plant, place it in pure water in a glass vessel, and try by experiment 


\ 


AY 
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whether the amount of organic matter in the water is increased, or whether 
any taste is given to the water. Dead vegetable matter should never find its 
way into, or at any rate remain in, the reservoir. 

Whenever a reservoir is so large that it cannot be covered in, a second 
smaller covered tank, capable of holding a few days’ supply, might be pro- 
vided, and this might be fitted with a filter, through which the water of the 
large reservoir might be led as required. 

When tanks are large they are made of earth, stones, or masonry ; if mortar 
be used, it should, as in the case of the smaller reservoirs, be hydraulic, so 
that it may not be acted on by the water. 

The materials of small reservoirs and cisterns are stone, cement, brick, slate, 
tiles, lead, zinc, and iron. Of these slate is the best, but it is rather liable to 
leakage, and must be set in good cement; common mortar must not be used 
for stone or cement, as lime is taken up and the water becomes hard. Leaden 
cisterns, as in the case of leaden pipes, may yield lead to water, and should be 
used as little as possible, or should be protected. Lead cisterns are often 
corroded by mud or mortar, even when no lead is dissolved in the water. 
Iron cisterns and pipes are often rapidly eaten away ; they are now sometimes 
protected by being covered inside with Portland cement or with a vitreous 
glaze. Crease’s patent cement is a very useful covering. Perhaps Barft’s 
process of producing the magnetic oxide on the surface of iron may 
be utilised. Iron tanks are now very much used. They must be covered, and 
in India be protected from the sun. Zinc has been said to be a good 
material ; water acts a little upon it, but generally the compounds formed 
(hydrated oxide, zinc ulmate+) are almost insoluble. Nevertheless, it is said 





* Clemens in Archiv, fir Physiol. Heilk, 1853. 
° + Fonssagrives, Ann, d’Hyg. Jan. 1804. p. 857. 
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that water passing through zine pipes, or-kept in zine pails, may produce 
symptoms of metallic poisoning. : 
 Claterns should cae be well covered, and protected as much pos 
from both heat and light, Care should elways be taken that there is no 
chance of leakage of pipes into them. A common source of contaminati : 
an overflow pipe passing direct into a sewer, 80 that the sewer ever ed : 
and being confined by the cover of the cistern, are absorbed by the bes ; tana 
prevent this, the overflow pipe is curved so as to retain a little se aa aot 
a trap, but the water often evaporates, or the gases force their ar # ae : 
no overflow pipe should therefore open into a sewer, but a : inn ‘ld Sai 
ground over a trapped grating.t A cistern supplying a water-c peners sare 
be used to supply cooking and drinking water, as the pipes leading a 
closet often conduct closet air to the cistern. Hence, a small cistern (water 
waste preventer) should be used for each closet. Cisterns should be periodi- 
cally and carefully inspected ; and in every new building, if they are placed 
at the top of the house, convenient means of access should be provided. 

Tanks to hold rain-water require constant inspection. 

Wells (which are really reservoirs) are very liable to contamination from 
surface washings during rains. A good coping will often prevent this ; but if 
there is much subsoil soaking, lining with iron to a certain depth, or covering 
with brickwork set in cement for a sufficient depth, to arrest the flow, may be 
desirable. | 

3. DistRIBUTION. 

When houses are removed from sources of water the supply should be by 
aqueducts and pipes. The distribution by hand is rude and objectionable, for 
it is impossble to supply the proper quantity, and the risks of contamination 
are increased. Some of the most extraordinary of the Roman works in both 
the Eastern and Western Empires were undertaken for the supply of water— 
works whose ruins excite the astonishment and should rouse the emulation of 
modern nations. 

The plans for the distribution of water should include arrangements for the 
easy and immediate removal of dirty water. This is an essential point, for in 
many towns where houses are not properly arranged for small families, there 
are no means of getting rid of water from the upper rooms, and this incon- 
venience actually limits the use of water, even when its supply is ample. 

The supply of water to houses may be on one of two systems, intermittent 
or constant. The difference between the two plans is, that in the first case 
there is storage in the houses for from one to three days ; while in the latter case, 
there is either no storage, or it is only ona very small scale for two purposes, 
viz., for water-closets and for the supply of kitchen boilers.t It should, how- 
ever, be understood that the constant supply does not mean an unlimited sup- 
ply, nor is it the fact that the water in the house pipes is always in direct 
communication with the water in the reservoirs. On the contrary, the water 
to the houses is often cut off, particularly in places where the supply is 
limited, and fittings are not good, and there is great waste. 

* My friend, Dr Orsborn, of Bitterne, has seen several cases of this kind. [In some cases, 
at least, water left. in the so-called galvanized vessels for any length of time,—a good many. 
days,——tastes strongly of zinc salts.—F’. de c] . 

For an instance of oid fever produced by this cause, see Lectures on State Medicine, 
ME on calcate oo the constant supply may be found in th ort of 
of Commons Committee on the East London Lek Bilis, 1967. It ie lie lly ras aiff 
évlt the definition of a constant supply was found to he. The difference of opinion between 
engineers on the desirability of.a constant supply is shown to be considerable. statements 
in the text are drawn from a collation of this evidence, and from # consideration of Mr Wate. 
man's pamphiet, and many other works. a 
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' The great arguments against storage on the premises (except on a limited 
scale for closets and boilers) are the chances of contamination in cisterns, and 
the very imperfect means of storage. In poor houses wooden casks or barrels 
are often used, and may be placed in the worst situations. The arguments 
against the storage system are certainly directed in part against removable 
failures. If every house had a good cistern in a proper place, z.e., secured 
from contdmination, and capable of easy inspection and cleansing ; if, in fact, 
the details of the system were good, it might be argued that storage on the 
premises Would be the best plan, as giving without fail, and at all times of 
day and night, a sufficient supply of water, not merely for common use, but 
for emergencies. It must, however, be admitted that, especially in poor 
houses, the inspection and cleansing even of 2 well-placed cistern will never 
be properly done, and that with all precautions the chances of contamination 
of the water during storage are very great. As regards this point, the constant 

system has a very great superiority, for there is no chance of contamination 

except in the reservoir or in the pipes. ‘So great an advantage is this in a 

sanitary point of view, that almost all those who have paid most attention to 

sanitary affairs have advocated the constant system. It is, however, quite 
necessary that it should be understood what the constant system sometimes is 
in practice. When there is an abundance of water, as at Glasgow, the 
stoppages of water may be few, but when water has to be economised, the 
water is from time to time shut off from the house pipes, and then no water 
may be procurable for hours. This, however, is avoided as much as possible 
in the day time, so that the inconvenience is reduced to a minimum. Insome 
cases, again, in order to economise water, a throttle or ferule is introduced into 
the communication or house pipe,* lessening the diameter to 4th or even to 
th of an inch, or smaller, so that if the head of pressure be small the water 
ows very slowly, and sometimes merely dribbles. In other cases, a meter is 
put on a pipe communicating with several houses ; and the owner of the houses 
is charged for the water, and this leads him to enforce a very sparing use of 
it. In all these ways the constant system may tell against the consumer ; 
while, on the other hand, great waste, leaking fittings, and fraudulent abstrac- 
tion of water (to avoid which there are several ingenious contrivances) tell 
against the company, and lead to a depreciation of their property. Another 
injury is also sometimes inflicted on the company, for their fittings are stolen, 
and besides the loss, an enormous waste of water may be caused, and not be 
detected for some time. 

In spite of all these difficulties, the system of constant supply, in some 
shape or other, has been carried out in about 150 towns in England ; ¢ and the 
Metropolis Water Act of 1871 has now ordered constant supply for London, 
if demanded by the rate-payers, and if proper fittings are provided. 

In providing a constant supply, certain precautions are necessary. The 
fittings must be as perfect as possible. In some cases, when the system has 
been changed from the intermittent to the constant system, as in Chester, the 
waste of water has bben.so great that the old plan has been recurred to. 
Common taps do not answer, and the best screw taps and fittings must be 
used.{ To prevent theft, it has been proposed to make the removal of fittings 





*The terms used to describe the pipes differ a little apparently ; the mains and district or 
sub-mains are the large pipes, which are always full of water, tle latter being of course the 
smaller ; the service-pipe is another term for a district main. The communication-pipe 1s that 
ara from the service-pipe to the house, and in the house it takes the name of house- | 
pipe. 

+Mr Beggs Pamphlet, op. cté. page 20. 

$A bad all-cook bas bean known to drop 12 gallons a-day. 
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a specific offence, punished summarily trictions as in the case of Crown 


sale of such property under the same res 


TO : ; ; 
j One: Ea pebnt sanitary advantage of the constant system is that, in order 
to facilitate inspection and detection of waste, no waste pipe is allowed to open 
into a sewer, but it is always so placed that any escape of water can be easily 
seen (the so-called warning pipe). The great evil of sewer gases *being con- 
ducted back into houses through overflow pipes is thus avoided. Careful 
inspection and good fittings so far lessen the waste of the constent system, 
that in some cases less water is used than under the intermittent plan.* 

* Some engineers have proposed what may be called a compromise between 
the intermittent and constant systems. They would allot toa house of a 
certain size and population a given daily amount of water, and give an equal 
storage, with a cistern, and wotild then deliver through a tube with a very 
small orifice an amount of water in twenty-four hours just equal to the 
storage. In that way the day would commence with the storage of the night, 
which would be sufficient for the mornmg washing. The water company 
could not lose in this way; and it would be for the tenant to look after his 
fittings if at any time he found himself without water. The objection to this 
plan is that cisterns are reintroduced, and their lessened size does not remove 


the objections to them. 
If the constant system is used, a good screw stop-cock, available to the 


tenant, should be placed at the point of the entrance of the pipe into the 
house, so that the water may be turned off if pipes burst, or to allow the pipes 
to be empty, as during frost. Every precaution must be taken that impure 
water is not drawn into the pipes by a pipe being emptied and sucking up 


water from a distance. t 
For the supply of a very large city, it might be desirable to divide the city 


into sections, and to establish a reservoir for each district, holding three or 
four days’ supply. In this way the waste of one section would not take away 
the water from another. In some instances, people in one part of a town 
supplied with the constant system, have used so much water for gardens that 
other parts have been altogether deprived of supply. The system of secondary 
reservoirs would not only lessen this chance, but would make it possible to 
ascertain that every part of the town was getting its supply. The number of 


* Evidence of Mr Easton in the Report of Committee on the East London Water Bills, 1867. 
+ The Board of Trade issued a Minute in 1872 laying down regulations and defining the 
kind of diape 2 and arrangements for London ; the following are the principal points : lead 
pipes to be of certain strength (if internal diameter is § in., 4 in., fin., 2 in., 1 in., 1} in. 
the respective weights per lineal yard are to be 5 Ib., 6 lb., 74 Ib., 9 Ib., 12 Ib., 16 Ib.), 
every pute in contact with the ground to be of Jead ; each house to have a communication pipe 
but o Baca unless an owner has it for a block of houses ; connection of every communication 
pipe to by a brass screwed ferule or stop-cock with a clear area of water wa equal to 4 
inch, every joint to be a ‘ plumbing” or “wipe” joint. No pipe to pass through an ash-pit, 
manure heap, drain, unless it cannot be avoided, and then the pipe is to be laid in an exterior 
cast-iron pipe or jacket ; each pipe in the ground to be 30 inches below surface ; each com- 
munication pipe to have near the entrance into the house a screwdown stop-valve ; if in the 
Helge such valve to be protected by proper cover and guard box; every cistern to be water- 
ight, to have a good “ ball-tap ;” no waste-pipe except a ‘‘ warning pipe,” and such warning 
pipe to be so placed as to be easily inspected. No cistern buried in ground to be used : 
‘wooden cisterns to have metallic linings ; every water-closet, urinal, or boiler shall be served only 
from a cistern, and shall not be in direct communication with the water-pipes ; closets ahd 
urinals to.have water-waste preventers; every “down pipe” into a water-closet to have an in- 
ternal diameter of not Jess than 1} inch, and to weigh not leas than 9 Ib, per lineal yard No 
bath to have an overflow pipe except of the ‘‘warning” kind ; the outlet must be distinct 
from the inlet, and the inlet shall be higher than the highest stand of the water. Lead warning 
, of which the ends are open, and which cannot remain cha with water, may have 


i 
bh es minimum weight ; ¢ inch diameter to have a weight 3 lbs, per yard ; #in., 5 lbs, ; 
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have a great protective power), and in a less degree, calcium sulphate; and, 
perhaps, in a still less degree, magnesian salts, and the alkaline phosphates ; * 
but it has been said that perfectly pure water, containing no gases, has no 
action on lead. The deposit which frequently coats the lead consists of 
carbonate, phosphate, and sulphate, of lead, calcium, and magnesium, if the 
water have contained these salts, and lead chloride. t 

8. From the observations of Graham, Hofmann, and Miller, the protactive 
influence of carbonic acid gas appears to be very great; a difficultly soluble 
lead carbonate is formed. However, a very great excess of free farbonic acid 
may dissolve thie. This has perhaps led to the statement that carbonic acid 
counteracts the preservative effects of the salts. Water charged with carbonic 
acid under pressure has a very marked solvent action on lead (Pattison Muir). 

Other substances may find their way into water, which may act on lead—. 
as vegetable and fatty acids, arising from fruits, vegetables, &., or sour milk 
or cider, &ec. . 

4, The lead itself is more easily acted upon if other metals, as iron, zinc, or 
tin, are in juxta-postition ; galvanic action is produced. Bending lead pipes 
against the grain, and thus exposing the structure of the metal, also increases 
the risk of solution; zinc pipes, into the composition of which lead often 
enters, yield lead in large quantities to water, and this has been especially the 
case with the distilled water on board ships. 


AMOUNT OF DISSOLVED LEAD WHICH WILL PRODUCE SYMPTOMS OF POISONING. 


Dr Angus Smith refers to cases of lead paralysis in which as little as,j,th 
of a grain per gallon was in the water. Adams also (“ Trans. of the American 
Medical Society,” 1852, p. 163) speaks of +4gth of a grain causing poisoning. 
Graham speaks of ;',th of a grain per gallon as being innocuous. Angus 
Smith says that 7jth of a grain per gallon may affect some persons, while 
yoth of a grain per gallon may be required for others.§ But it is difficult to 
prove it may not at some time have been more than this. Calvert found that 
water which had been decidedly injurious in Manchester contained from th 
to ,5,ths of a grain per gallon. 

In the celebrated case of the poisoning of Louis Philippe’s family 
at Claremont, the amount of lead was ,i,ths of a grain per gallon; this 
quantity affected 34 per cent. of those who drank the water. 

The water of Edinburgh is said to contain only +},th of a grain per gallon, 
which is not hurtful.|| 

On the whole, it seems probable that any quantity over »),th of a grain per 
gallon should be considered dangerous, and that some persons may even be 
affected by less quantities.f 


PROTECTION OF LEAD PIPES. 


The chief means which have been proposed are :— 
(a) Lining with tin. Calvert's experiments** show that extra tinned and 





* Report of the Government Commission, 1851, p. 7. e 
* Lauder prising fi Action of Hurd Water on Lead, p. 7. 
+ There is some id pd of opinion as to the action of the chlorides. 
g Wanklyn adopts Jyth of a grain per gallon as justifying rejection of a water ;— J,th would 
probably be a safer limit. 
d Chemical News, September 28, 1861. 
G See also Taylor's Med. Jurisp., 1865, p. 242; and opinions of Penny, ibid. p. 241. 
** Chemical News, September 28, 1861. ; 
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ordinaty tinned lead piping both gave up lead to the pure water now used at 
Manchester. 

(6) A much better plan is by having a good block-tin pipe inclosed in a 
lead pipe, as in Haines’ patent. If the tin is good, it is little acted on, and 
the strength of the pipe is increased, while bends and junctions can be made 
without destroying the continuity of the tin.* 

(c) Fusible metal, viz, lead, bismuth, and tin. This is certainly 
objectionable. 

(d) Bitutinous coating (M‘Dougall’s patent), This is said to be effectual, 
but I am not aware of any exact experiments. 

(ce) Various gums, resins, gutta percha, and india-rubber. These would 
probably be efficacious, but I am ignorant of any evidence to show how long 
they will adhere. 

(f) Coating interior of pipes with lead sulphide by boiling the pipes in 
sodium sulphide for fifteen minutes. The sodium sulphide may be made by 
boiling sulphur in liquor sode. (Schwartz's patent.) 

(g) Rosin and grease with white lead (!) has been proposed, also rosin and 
arsenic. Both are most objectionable. 

(h) Varnish of coal tar.t 

K 
SUBSTITUTES FOR LEAD PIPES. 


Cast and wrought iron pipes can be used, and Mr Rawlinson informs mo 
that he now orders no others. The iron can be glazed internally.t Copper 
tinned and block-tin are also employed, and both are excellent, but are rather 
expensive. In some cases the tin is eaten through, but this is not common.§ 
Zinc, which speedily gets covered with an insoluble oxide, can be used, if the 
water contains calcium carbonate, as this is said to prevent the free carbonic 
acid from dissolving the oxide. Gutta percha and bituminised paper pipes 
have been proposed, but at present are not in much, if in any, use. Artificial 
stone has also been employed. 


SECTION IL. 
QUALITY OF DRINKING WATER. 


Sus-Sgction .—Compositton. 


The composition of water is of importance for several economic purposes ; 
for certain trades which require careful processes of washing and dyeing; for 
the supply of engines, &c. But these subjects are too technical to be dis- 
cussed here, and I have restricted this chapter to the quality of water as used 
for drinking purposes. The only domestic matter of importance connected 
with quality, apart from drinking and cooking, is the relative amount of soap 
used by hard and soft water in washing. But this is so obvious a matter that 
it only requires to be alluded to. 





* The composite pipes of this kind made by Messrs Walker, Parker, & Co. are said to with- 
stand any amount of torsion. On the authority of Professor Reynolds (Manual of Health for 
Ireland) it is said, that lead alloyed with 8 per cent. of tin is not acted upon by water ; pipes of 
this kind appear to be rsed in Dublin and in Glasgow. 

+ Lauder Lindsay, Action of Hard Water on Lead, p. 21. 

+ Iron pipes coated inside with Angus Smith’s bituminous varnish are a good deal used. 
In experiments made at Netley these were found to yield a distinct taste of tar to the water 
for a considerable time ; after 4 time, however, this action ceased. Probably Barff's process of 
producing a surface of magnetic oxide on iron will come into use. 

§ I have seon block tin pipes eaten through by water at Woolston, apparently in consequence 
of the presence of nitrates. [F. De. C.] 

é 
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uses of water, such as the washing of 
not requiring a very pure water, it has 
water from two sources—one pure for 
however, two sets of 
aters ; and it is only 


Owing to many of the domestic 


utensils, the supply for closets, &c., 
been proposed in some cases to supply 
drinking and cooking, the other impure. This requires, 
ipes, and involves the chance of mistake between two W 
likely to be of use under exceptional circumstances. 
Drinking water is supplied from shallow, deep, and Artesian well sources: 


rain, rivers, wells, springs, &c. 
Rain Water.—As it falls through the air, rain becomes highly aerated 
(average, 25 cubic centimetres per litre), tho oxygen being in larger proportion 
than in atmospheric air (32 per cent., or a little more) ; carbonic acid consti- 
e air ammoniacal 


tutes 24 or 3 per cent. of the gas. It carries down from the air amn 
salts (carbonate, nitrite, and nitrato), and nitrous and nitric acids in small 


amount. The total quantity’ of nitrogen in ammoniacal salts, nitrous and 

nitric acid, is (000985 grammes per litre. In towns with coal-fires it takes 
up sulphurous and sulphuric acids, and sometimos sulph uretted hydrogen. 
The sulphates in rain increase, according to Dr Angus Smith, as We puss 
inland, and before large towns are reached ; they are, according to this author, 
“the measure of the sewage in air” when the sulphur derived from the com- 
bustion of coal can be excluded, but in this country the exclusion could never 
be made. Free acids are not found with certainty, according to Smith, when 
combustion and manufactures are not the cause. The acidity taken as 
sulphuric anhydride was equal to ‘0097 grains per gallon of rain in a country 
place in Scotland, and 1:0589 grains in Glasgow ; in Manchester in 1870 it 
was ‘8416, and in London, ‘2713 grains. The nitric acid in Glasgow was as 
much as ‘1705 grains per gallon, and in London only ‘06188. Albuminoid 
ammonia was no less than ‘326 parts in a million in London rain (A. Smith, 
op. cit. p. 363). Rain also carries down many solid substances, as sodium 
chloride, in sca air; calcium carbonate, sulphate, and phosphate ; ferric oxide ; 
earbon. It almost always contains also a little nitrogenous organic matter, 
amounting in extreme cases to as much as ‘35 grains per gallon. The total 
amount of solids (mean of 5 analyses}) is 0:032 grammes per litre, or 2°24 
grains per gallon. } 

Occasionally microscopic plants of the lowest order (as Protococcus pluvialis 
and others) are present. 

Rain also often becomes very impure from taking up substances (lead, zinc, 
&c.) from the receiving surface on which it falls, and it also often carries 
down portions of leaves, &c., into the pipes and reservoirs, which slowly 
dissolve in it. 

With regard to rain as a source of supply.—The uncertainty of the rainfall 
from year to year, the length of the dry season in many countries, and the 
large size of the reservoirs which are then required, are disadvantages. On the 
other hand, its purity and its great aeration make it both healthy and pleasant. 
The greatest benefits have resulted in many cases (especially in some of the 


* Air and Rain, 1872, p. 245. 

+ Quoted by Moleschott, Phys. der Nahrungsmittel, 2d edit. p. 203. 

t In rain-water collected at St Albans, in the middle of an arable field, two feet from the 
ground, Frankland found as much as 8°58 parts in 100,000, or 6-006 grains per gallon; 
mean of 68 sample, 3°86 parts per 100,000, or 2°701 gr. per gallon. Krom the roof of the Land’s 
_ Hotel coe) ey eal ia of which one elt was chlorides. 

na sample from supply in officers’ quarters at Portland I found 47°95 gr. per 
solids, of which about fo were chlorides ; the organic constituents were also ne Faria 
another sample, gathered as collected, 82°55 total solids and 14 chlorides ; and in one from a 
pipe peg alee aberrant Siete SiGe ar rape In a sample collected 
Into glass bottles, the solids were 6° r gall : 
volatile, chiefly ammonium chloride, &e. TR. de C.] ape sete eee 
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West Indian Islands) from the use of rain instead of spring or well water, 
which is often largely impregnated with earthy salts. In all places where the 
spring or well water is thus bad, as in the neutral ground at Gibraltar, rain 
water should be substituted. So also it has been suggested that in outbreaks 
of cholera anywhere, the rain water is less likely to become contaminated 
with sewage matters than wells or springs, into which organic matters often 
find their way in an unaccountable manner. 

Ice and Snow Water.—In freezing, water becomes much purer, losing a 
large portion, sometimes the whole, of its saline contents. Even calcium 
carbonate and sulphate are thus got rid of. The air is at the same time 
expelled. Ice water is thus tolerably pure, but heavy and non-aerated. 
Snow water contains the salts of rain water with the exception of rather less 
ammonia. The amounts of carbonic acid and gir are very small. 

There has long been an opinion that snow water is unwholesome, but this 
is based on no reliable observations. In Northern Europe, however, tho 
poorer classes have the habit of taking the snow lying about their dwellings, 
and as this is often highly impure with substances thrown out from the house, 
this water may be unwholesume. It has been conjectured that the spread of 
cholera in the Russian winter in 1832, was owing to the use of such snow 

water contaminated by excretions. 

Dew has occasionally been a source of supply to travellers in sterile regions 
in South Africa and Australia, or on board ship. 

Spring, Well, and River Water.—The rain falling on the ground partly 
evaporates, partly runs off, and partly sinks in. The relative amounts vary 
with configuration and density of the ground, and with the circumstances 
impeding or favouring evaporation, such as temperature, movement of air, &c. 
In the magnesian limestone districts, about 20 per cent. penetrates ; in the new 
red sandstone (Triassic), 25 per cent. ; in the chalk, 42; in the loose tertiary 
sand, 90 to 96. 

Penetrating into the ground, the water absorbs a large proportion of 
carbonic acid from the air in the interstices of the soil, which is much richer 
(250 times) in CO, than the air above. It then passes more or less deeply 
into the earth, and dissolves everything it meets with which can be taken up 
in the time, at the temperature, and by the aid of carbonic acid. In some 
sandy soils there is a deficiency of CO,, and then the water is also wanting in 
this gas, and is not fresh and sparkling. 

The chemical changes and decompositions which occur in the soil by the 
action of carbonic acid, and which are probably influenced by diffusion, and 
perhaps pressure, as well as by temperature, are extremely curious,* but can- 
not be entered upon here. The most common and simple are the solution of 
calcium carbonate, and the decomposition of calcium and sodium silicate by 
carbonic acid, or alkaline carbonates, Salts of ammonia also, when they 
exist, appear from Dictrich’s observations to have a considerable dissolving 
effect on the silicates. 

Fed from a variety of sources, river water is even more complex in its con- 
stitution than spring water; it is also more influenced by the season, and by 
circumstances connected with season, such as the melting of snow or ice, 
rains:and floods, &c. The water taken on opposite sides of the same river 
has been found to differ slightly in composition. 

The general result of solution and decomposition is that the water of springs 





* These are given in detail by G. Bischof, ‘‘Chemical and Physical Geology” (Cavendish 
Society’s edit.), 1854, vol. i. p. 2, et seg. ; and in “‘ Watt’s Dictionary of Chemistry ; ’ Article, 
Chemistry of Geology, by Dr Paul. 
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and rivers often contains 9 great number of constituents—some in very small, 
others in great amount. Some waters are so highly charged as to be termed 
mineral waters, and to be unfit for drinking, except as medicines. The 
impurities of water are not so much influenced by the depth of the spring as 
by the strata it passes through. The water of a surface spring, or of the 
deepest Artesian well, may be pure or impure. The temperature of the water 
also varies, and is chiefly regulated by the depth. The temperature of 
shallow springs alters with the season ; that of deeper springs is often that of 
the yearly mean. In very deep springs, or in some Artesian wells, the 
temperature of the water is high. 

The substances which are contained in spring, river, and well waters are 
noted more fully under the head of “Examination of Water.” There may 
be suspended matters, minegal, vegetable, or animal; dissolved gases, viz, 
nitrogen, oxygen, carbonic acid, and in some cases sulphuretted hydrogen, 
atid carburetted hydrogen; and dissolved solid matters, consisting of lime, 
magnesia, soda, potassa, ammonia, iron, alumina, combined with chlorine, 
and sulphuric, carbonic, phosphoric, nitric, nitrous, and silicic acids. More 
infrequently, or in special cases, certain metals, as arsenic, manganese, lead, 
zinc, and copper may be present. 

The mode of combination of these substances is yet uncertain ; it may be 
that the acids and bases are equally distributed among each other, or some 
other modes of combination may be in play. The mode of combination is 
usually assumed to be as follows.* The chemist determines the amount of 
each separate substance, and then calculates the combination as follows. The 
chlorine is combined with sodium ; if there is an excess, it is combined with 
potassium or calcium; if there is an excess of soda, it is combined with 
sulphuric acid, or if still in excess, with carbonic acid. Lime is combined 
with excess of chlorine, or sulphuric acid, or if there be no sulphuric acid, or 
an excess of lime, with carbonic acid. Magnesia is combined with carbonic 
acid. So that the most usual combinations are sodium chloride, sodium sul- 
phate, sodium carbonate, calcium carbonate (held in solution by carbonic acid), 
calcium sulphate, calcium chloride and silicate, and magnesium carbonate ; 
but the results of the analysis may render other combinations necessary. 

Distilled Water.—Distillation is now very largely used at sea, and affords 
an easy way of getting good water from sea or brackish water. Almost any 
form of apparatus will suffice, if fuel can be procured, to obtain enough water 
to support life; and if even the simplest appliances are not attainable, the 
mere suspension of clean woollen clothing over boiling water will enable a 
large quantity to be collected. At sea, salt water is sometimes mixed with it 
from the priming of the boilers, and occasionally from decomposition of 
magnesium chloride (probably), a little free hydrochloric acid passes off. 
This can, if necessary, be neutralised by sodium carbonate. 

As distilled water is nearly free from air, and is therefore unpalatable to 
some persons, and is supposed indigestible,t it may be aerated by allowing it 
to run through a cask, the bottom of which is pierced with fine holes, so as to 
expose the water to the air. Plans for aerating the water distilled from sea 
water have been proposed by Normandy and others, and are used in many 
steamers, Organic matter, at first offensive to taste and smell in distilled 
water, can be got rid of hy passing through a charcoal “filter, or by keeping 
three or four days. 

Care should be taken that no lead finds its way into the distilled water. 
RE ec oS Iara TS ee Ie ee ee 


* Fresenius, Quantitative Anslysis, Srd edit. p. 481. 
+ By some even dangerous (Gérardin). 
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Many cases of lead poisoning have occurred on board ships, partly from the 
use of minium in the apparatus, and partly from the use of zinc pipes contain- 
ing lead in their composition. 


Comparative Value of Spring, River, and Well Water as Sources of Supply. 
This depends on many circumstances. Spring water is both pure and 
impure in different cases; and the mere fact of its being a spring is not, as 
sometimes imagined, a test of goodness. Frequently, indeed, river water is 
purer than Spring water, especially from the deposit of calcium carbonate ; 
organic matter is, however, generally in greater quantity, as so much more 
vegetable matter and animal excreta find their way into it. The water of a 
river may have a very different constitution from that of the springs near its 
banks. A good example is given by the Ouse, at York; the water of this 
river is derived chiefly from the millstone grit w rich feeds the Swale, the Ure, 
and the Nid, tributaries of the Ouse; the water contains only 9 grains per 
gallon of salts of calcium, magnesium, sodium, and a little iron. The wells 
in the neighbourhood pass down into the soft red sandstone (Yoredale series) 
which lics below the millstone grit; the water contains as much as 64°96 
grains, and even, in one case, 96 grains per gallon; in addition to the usual 
salts, there is much calcium chloride and calcium, sodium, and magnesium 
nitrates. Shallow well water is always to be viewed with suspicion ; it is the 
natural point to which the drainage of a good deal of surrounding land tends, 
and heavy rains will often wash many substances into it.* The following table 
is given by the Rivers Pollution Commissioners (Sixth Report, p. 129) :— 
1. Spring-water, . ; 
Whotoomey 2. Teepe ollwciee : \ very Paletble 
oe eae eaEney wae } moderately palatable. 
Suspicious | t MOVIL LALU-WaLul, . 
5. Surface water from cultivated land, . 


: 6. River water, to which sewage aa access, > palatable. 
Dangerous \ 7. Shallow well water, : : 


Sus-Section I]L—CHARACTERS AND mre oF DrinKING WATERS. 


The general characters of good water are easily enumerated. Perfect clear- 
ness ; freedom from odour or taste; coolness; good aeration; and a certain 
degree of softness, so that cooking operations, and especially of vegetables, 
can be properly performed, are obvious properties. But when we attempt a 
more complete description, and assign the amounts of the dissolved matters 
which it is desirable should not be exceeded, we find considerable difference 
of opinion, and also a real want of evidence on which to base a satisfactory 

judgment. Atthe Sanitary Congress held at Brussels in 1853, it was decided 
that the total solids ought not to exceed 0°5 grammes per litre (= 35 grains per 
gallon), and the same amount had been previously laid down in the “ Annuaire 
des Eaux de Ja France pour 1851” (p. 14) ; but this statement is really of little 
use, since this quantity of some salts would be hurtful, of others harmless. 

Still, an hygienic classification or enumeration of potable waters, based on 
such facta as are generally admitted, will be useful. I have divided all kinds 
of waters used for drinking into four classes :— 


* 1. Pure and wholesome water. 


2. Usable +3 
3. Suspicious is 
4, Impure 9 


* Dr Cameron (Dublin Journal of Medical Science) cites a case where good and bad water 
were obtained from different levels in the same well. 
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And the following description will define these terms :— 


HYGIENIO CLASSIFICATION OF DRINKING WATERS. 
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N.B.—" Parts per mil." mean “ Parts per million,” equal to “ milligrammes perjitre.” 
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Jt must, of course, be understood that it is not necessary that al] the above 
characters should be present in one water to place it in a particular class ; nor 
would it be right to condemn a water for one character alone. Thus, although 
any marked deviation from the above conditions might be sufficient to remove a 
water from class 1, it would scarcely bo fair to degrade a water further on 
account of its mineral characters only. On the other hand, a marked excess 
of albuminoid ammonia and of oxygen required for organic matter would be 
fair cause fF condemning a water, even if its other characters were good. As 
it is impossible to lay down rigid rules, something must be left tu the discre- 
tion and judgment of the observer. 

The waters belonging to the first and second class may be used; those of 
the third, or suspicious class, should be well filtered before distribution, and, 
if possible, should be again filtered in the housg A purer source should also 
be obtained if possible, and sources of sewage contamination ascertained and 
prevented. 

The waters of the fourth class should be entirely disused, or only be used. 
when a better source is not procurable, and means of purification (see page 
28) should then be systematically resorted to, 


‘ 


Sous-Sgecrion II].—Onicin oF tor Impurities In DRINKING Water. 


The origin of the impurities in water may be conveniently referred 10 four 
heads, viz., 1. Substances derived from the source; 2. Substances added 
during the flow of the water in rivers, canals, aqueducts, or other conduits ; 
3. Impurities caused by storage in reservoirs or tanks; and, 4. Substances 
added during distribution from reservoirs either in pipes or water barrels, or 
in house cisterns. 


1. Impurities of Source. 


The geological formation of a district necessarily influences the composition 
of the water running through it, though it is impossible to tell with absolute 
certainty what the constituents of the water may be. Formations vary greatly, 
and the broad features laid down by geologists do not always suffice for our 
purpose. In the middle of a sandy district, yielding usually a soft water, a 
hard selenitic water may be found ; and instead of the pure calcium carbonate 
water, a chalk well may yield a water hard from calcium sulphate and iron. 
Still it may be useful to give a short summary of the best known facts. 

1. The Granitic, Metamorphic, Trap Rock, and Clay Slate Waters.— 
Generally the granitic water is very pure, often not containing more than two 
to six grains per gallon of solids, viz., sodium carbonate and chloride, and a 
little lime and magnesia. The organic matter is in very small amount. The 
clay-slate water is generally very pure, often not containing more than from 
three to four grains per gallon. The water from hard trap-rocks is pure, but 
if the trap be disintegrated the shallow wells sunk in it are of course liable to 
be fouled by surface washings or soakage. 

2. The Water from Millstone Grit and Hard Oolite.—Like the granitic 
water this is very pure, often not containing more than four to eight grains 
per gallon of mineral matters, which consist of a little calcium and magnesium 
sulphate and carborfate ; a trace of iron. 

3. Soft Sand-Rock Waters.—These are of variable composition, but as a 
rule are impure, containing much sodium chloride, sodium carbonate, sodium 
sulphate, iron, and a little lime and magnesia, amounting altogether to from 
thirty to eighty grains per gallon. The organic matter may be in large 
amount,—fqur to eight grains per gallon, or even more. Sometimes these 
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waters are pure and soft, or wells or springs, within a short distance, may 
vary considerably in composition. 

4. The Loose Sand and Gravel Waters.—tIn this case there is also a great 
variety of composition. Sometimes the water is very pure, as in the case of 
the Farnham waters, and in some of the waters from the greensand, where the 
total solids are not more than from four to eight grains per gallon, and consist 
of a little calcium carbonate, sulphate, and silicate; magnesium carbonate ; 
sodium and potassium chloride; sodium and potassium sulphatg; iron, and 
organic matter. The last is sometimes in some amount, viz., ‘8 to 1:8 grains 
per gallon. In tolerably pure gravels, not near towns, the water is often 
very free from impurity. Inthe case of many sands, however, which are rich 
in salts, the water is impure, the solid contents amounting sometimes to fifty 
or seventy grains per gallon,gor more, and consisting of sodium chloride, 
sodium carbonate, sodium sulphate, with calvium and magnesium salts.* 
These waters are often alkaline, and contain a good deal of organic matter. 
The water from the sands in the “Landes” (Southern France) contains 
enough organic matter to give ague. 

5. Waters from the Lias Clays vary in composition, but are often impure ; 
even 217 grains per gallon of mineral matters have been found. No less a 
quantity than 88 grains of calcium sulphate, and 41-8 of magnesium sulphate, 
existed in a water examined by Voelcker.f 

6. The Chalk Waters.—The pure, typical, calcium carbonate water from 
the chalk is very sparkling and clear, highly charged with carbonic acid, and 
contains from 7 to 20 grains per gallon of calcium carbonate, a little magnesium 
carbonate and sodium chloride—small and immaterial quantities of iron, 
silica, potassa, nitric, and phosphoric acids. Sulphuric acid in combination is 
sometimes present in variable amount; organic matter is usually in small 
amount. This is a good, wholesome, and pleasant water. It is hard, but 
softens greatly by boiling. t 

7. The Limestone and Magnesian Limestone Waters.—These are also clear, 
sparkling waters of agreeable taste. They differ from the chalk in containing 
usually more calcium sulphate (4 to 12 grains, or even more) and less 
carbonate, and, in the case of the dolomitic districts, much magnesium 
sulphate and carbonate. Organic matter is usually in small amount. They 
are not so wholesoine as the chalk waters. They are hard, and soften less 
on boiling. 

8. The Selenitic Waters.— Water charged with calcium sulphate (6 to 20 
grains, or even more) may occur in a variety of cases, but it may sometimes 
come from selenitic rocks. It is an unwholesome water, and in many persons 
produces dyspepsia and constipation, alternating with diarrhea. It is hard, 
softens little on boiling, and is not good for cooking or washing. 

9. Clay Waters.—Very few springs exist in the stiff clay; the water is 
chiefly surface, and falls soon into rivers; it varies greatly in composition, 
and it often contams much suspended matter, but few dissolved constituents, 
chiefly calcium and sodium salts. 

10. Alluvial Waters.—(Alluvium is usually a mixture of sand and clay.) 





* In a shallow well (20 feet deep) in the gravel, near NetleyAbbey, tl : 
solids 148-75, of which were chlorides 86-80, grains per gallon x after Span in a 90 feet, end 
fF det oi inl a stratum of stiff blue clay, it gave only 16°8 total solids, and 6°5 of chlorides. 
+ In a well from Weedon Barracks, 109 feet deep, sunk in b : 
gallon of solids, but very little ic matter, (Fae C.) in blue Liaa, I found 91 grs. per 
tiaky sand Iying abuve. tio chalk, ‘Ehve Peees are eet Tenby derived. from ter. 
se : e water contain 
sodium carbonate and chloride, and may be alkaline, pe wee colton rene and more 
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Generally impure, with calcium carbonate and sulphate, magnesium sulphate, 
sodium chloride and carbonate, iron, silica, and often much organic matter. 
Oceasionally the organic matter oxidises rapidly into nittites, and if the 
amount of sodium chloride is large, it might be supposed that the water had 
been contaminated with sewage. The amount of solids per gallon varies from 
20 to 120 grains, or even more. 

11. Surface and Subsoil Water.—-Very variable in composition, but often 
very impure, and always to be regarded with suspicion. Heaths and moors, 
on primitive rocks, or hard millstone grit, may supply a pure water, which 
may, however, be sometimes slightly coloured with vegetable matter. 
Cultivated lands, with rich manured soils, give a water containing often both 
organic matter and salts in large quantity. Some soils contain potassium, 
sodium, and magnesium nitrates, and give up éhese salts in large quantity. to 
water. This is the case in several parts of India, at Aden,’and at Nassick in 
the Deccan (Haines). In towns and among the habitations of men, the sw- 
face water and the shallow well water often contain large quantities of calcium 
and sodium nitrites, nitrates, sulphates, phosphates, and chlorides. The 
nitrates in this case probably arise from ammonia, ammonium nitrite being 
first formed, which dissolves large quantities of lime. Organic matter exists 
often in large amount, and slowly oxidises, forming nitric acid and ammonia.* 
In some cases butyric acid, which often unites with lime, is also formed. 

12. Marsh Water.—This always contains a large amount of vegetable 
organic matter; it is not unusual to find from 12 to 40 grains, and in some 
cases even more. Suspended organic matter is also common. ‘The salts are 
variable. A little calcium and sodium, in combination with carbonic and 
sulphuric acids and chlorine are the most usual, Of course, if the marsh is 
a salt one, the mineral constituents uf sea-water are present in varying pro- 
portions. 

13. Water from Grave-yarde.—Ammonium and calcium nitrites and 
nitrates, and sometimes fatty acids, and much organic matter. Lefort found 
a well of water at St Didier, more than 330 feet from a cemetery, to be 
largely contaminated with ammoniacal salts and an organic matter which was 
left on evaporation. The water was clear at first, but had a vapid taste, and 
speedily became putrid. 

14. Artesian Well Water.—The composition varies greatly. In some cases 
the water is so highly charged with saline matter as to be undrinkable; the 
water of the Artesian well at Grenelle contains enough sodium and potassium 
earbonates to make it alkaline ; in some cases the water contains iron in some 
amount; in other cases, especially when drawn from the lower part of the 
chalk, or the greensand below it, it is tolerably pure. Its temperature is 
usually high in proportion to the depth of the well. The aeration of the 
water is often moderate, sometimes nil, These last two points rather militate 
against the employment of water from very deep wells. 





* C. Schmidt (quoted by Roth and Lex) has given the following comparative analysis of the 
water of Dorpat :— 


The normal water The water of the 

gives town wells gives 
per litre, per litre. 
Totdl Salts, . . ‘44820 116602 
NO;, . ‘ 00559 19202 
NHzj, é P , ‘00046 00188 
Nad, 5 : . 00608 07656 
KaO, ; ‘ : : : 07826 
Cl, . P i j 00642 11217 
0 00061 005638 


P a a é 
In Dresden the same results have been found. 
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15. Water from Wells near the Sea.*—This often contains so much saline 
matter as to taste quite brackish, although the organic matter may not be 
very large. In some samples from Shoeburyness (analysed at Netley) the 
total solids ranged from 104 to 218 grains per gallon of total solids, the 
chlorides being from 22 to 65: mean of six samples—165 total solids, and 35 
of chlorides. In one sample, however, the albuminoid ammonia was only 
0-07 per million, and in five the oxygen required for organic matter was 
under 0°75 per million. ‘ 

16. Rain Water may be contaminoted by washing the air it falls through, 
but more by the surface on which it falls, such as decaying leaves or other 
matter on the roofs of houses ; it also takes lead from lead coatings and pipes, 
and zinc from zinc roofs. 


2. Impurities of Transit From Source to Reservoirs. 


Open conduits are liable to be contaminated by surface washings carrying 
in finely divided clay, sand, chalk, and animal matters from cultivated land ; 
and the leaves and branches of trees add their contingent of vegetable matters. 
These impurities may occur in most cases, but in addition the refuse of 
houses, trades, and factories is often poured into rivers, and all sorts of 
matters are thus added. 

These impurities are broadly divided by the Kivers Pollution Commis- 
sioners into “sewage ” and “ manufacturing ;” under the former term all solid 
and liquid excreta, house and waste water, and in fact all impurities coming 
from dwellings are included ; under the latter term are placed all manufactur- 
ing refuse, such as from dye and bleach works, tanneries, paper-making, 
woollen, silk, and metal works, &c.+ 

The very numerous animal and vegetable substances derived from habita- 
tions are usually classed under the vague, but convenient term of “ organic 
matter,” as the separation of the individual substances is impossible. The 
organic matter is usually nitrogenous, and Frankland has proposed to express 
its amount in terms of its nitrogen (organic nitrogen), but this view is not yet 
generally received on account of the difficulty of estimating the very small 
quantity of nitrogen. The nitrogenous organic matter undergoes gradual 
transformation, and forms nitrous and nitric acids and ammonia. The exact 
steps of this process are perhaps complicated. On keeping the water the 
nitrites disappear, and in some cases the nitrates also gradually diminish, per- 
haps from the action of bacteria. A. Miillert found the residue of a well 
water gave with soda hydrate a herring-like odour, which seerhed like trimethy- 
Jamine. 

Many of the “organic matters” in water are not actually dissolved, but are 
so finely suspended that they pass through filtering paper. There is no doubt 
that among this “suspended organic matter” many small plants and animals 
are always included. It is probably owing to the variation in the quantity of 
suspended organic matter (living and dead) that water from the same source 
sometimes gives different results on analysis, even though the water be taken 
at the same time. During its flow in open conduits, however, a species of 
purification goes on, by means of subsidence, the action of water-plants, and 
to some moderate extent by oxidation. On the whole, these processes appear 
in India to render rivet water, in spite of all the contaminations it receives, 





# Fora good ore of the influence of a tidal river on neighbouring wells, see my “ Lectures 
on State Medicine,” Table x. p. 91. [F. de C, 


+ For a full account of all these impurities, and the best mode of dealing with them, the 
six Reports of the Rivers Pollution Commissioners must be referred to. 
$ Roth and Lex, Militér-Gesundheitspfi. p. 16. 
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purer than tank and well water.* The freedom from noxious substances is 
also apparently greater in India in the quick running streams, which may also 
depend upon purification taking place in them.t+ 


3. Impurities of Storage. 

The chance of substances getting into the water of wells, and tanks,{ and 
even of cisterns in houses is very great. Surface washings and soakage con- 
taminate wejls and tanks, and leakages from pipes, passage of foul air through 
pipes, or direct absorption of air by an uncovered surface of water introduce 
impurities into cisterns.§ It is singular in how many ways cisterns and tank 
waters get foul, and what care is necessary not only to place the cistern under 
safe conditions at first, but to examine it from time to time to detect 
contamination of the water. In India, especialy, the tank water is often con- 
taminated by clothes washed near, or actually in, the tank; by the passage 
even of excrement directly into it, as well as by surface washings, so that in 
fact in some cases the village tank is one of the chicf causes of the sickness 
of the people. There is, perhaps, no point on which the attention of the 
sanitary officer should be more constantly fixed than that of the storage of 
water, either on the large or small scale. 

In shallow wells (4 to 30 feet decp) the soakage water from the ground in 
loose soils of chalk and sand is often very impure. Thus in a town the well 
water often shows evidence of nitrites and nitrates and ammonia, and 
of chlorine far in excess of river water in the neighbourhood, though the strata 
are the same.|| Occasionally, by constant passage of the water, a channel 
is formed, which may suddenly discharge into the well; and some of the cases 
of sudden water poisoning have thus arisen. 

A well drains an extent of ground about it in the shape of an inverted cone. 
The area must depend on the soil; in very loose soils a well of 60 tv 80 feet 
may perhaps drain an area of 200 feet in diameter on the surface, but this 
must be considered as only a rude estimate. Profussor Ansted states that the 
deepest (non-Artesian) well will not drain a cone which is more than half a 
mile in radius. 

In some cases a well at lower level may receive the drainage of surrounding 
hills flowing down to it from great distances. Good coping stones, so as to 
protect from surface washings ; good masonry for several feet below the surface 
of wells in very loose soils, so as to prevent superficial soakage, are necessary 
in all challow wells. 


4. Impurities of Distribution. 
If water is distributed by hand, 2.¢., by water-carts, barrels, or skins, there 


is necessarily a great chance of its being fouled. In India, where the water 
is generally carried by water-carriers (Bhisties), inspection of the carts or skins 


el 





* Palmer shows this clearly in a very interesting paper in the “Indian Medical Gazette ” for 
December 1870. 

+ Much influence has been ascribed to oxidation, and doubtless in part correctly ; but Dr 
Frankland has shown its effect to be limited. ‘Ihe Irwell river, after passing Manchester, rans 
11 miles to its junction with the Mersey without further material pollution, and falls over 6 
weirs ; yet the purification by oxidation is trifling. By syphoning water from one vessel to 
another so as to represent a run of 96 miles, the organic carbon was only reduced 6-4 per cent. 
and the organic nitrogen 28°4 per cent. ; 

+ In two examples of (so called) rain-water collected in tanks in the marsh near Tilbury Fort 
for the use of the troops, the solids were found to be respectively 41 and 146 grains per gallon 
(Army Medical Reports, vol. xvii. p. 214). : : 

$ A good case of absorption by an open cistern of gases from water-closets and urinals is 
recorded by Druitt (‘‘ Medical Times and Gazette,” September, 1869). The water as supplied 
contained ‘08 parts fe million of albuminoid ammonia ; after absorption, ‘17 parte. 

| Roth and lyr, il-Gesundsh, p. 43. 
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should be systematically made, and whenever it be possible, pipes should be 
substituted for the rude method of hand conveyance, But even pipes may 
contaminate water; metals (lead and iron) may be partly dissolved ; wood 
rots, and if the pipes are occasionally empty impure air may be drawn into 
them, and be afterwards absorbed by the water.* I have been informed that 
in towns supplied on the constant system, when the pipes are becoming empty 
the flow of water from a tap has drawn foul water or air through a pipe at 
some distance, and in this way even the water of the mains has bgen befouled. 

Coal gas passing into the ground from leaking of gas pipes sometimes finds 
its way into wells, or even into water pipes, though examples of this kind 
must be rare. In Berlin, in 1864, out of 940 public wells, 39 were 
contaminated by admixture with coal gas. A good instance is related by Mr 
Harvey, where the main pipes were often empty and gas penetrated into 
them. Having regard to the cases in which gases from the soil (from leaking 
gas pipes, sewers, &c.) find their way into water pipes, it would seem import- 
ant not to lay down water pipes near any other, or, what is better, have all 
pipes in sub-ways where they can be inspected. 


SECTION III. 
PURIFICATION OF WATER. 


Without Filtration. 


1. Exposureto Air in divided Currents.—This was a plan proposed by Lind, 
for the water of the African west coast, more than 100 years ago, and fre- 
quently revived since. The water is simply poured through a sieve, or a tin 
or wooden plate, pierced with many small holes, so as to cause it to fall in 
finely divided streams, or 2 hand-pump is inserted in a cask of water, and the 
water is pumped up, and made to fall through perforated sheets of tin. It 
soon removes hydrosulphuric acid, offensive organic vapours, and, it is said, 
dissolved organic matter. The same plan has been used in Russia on a large 
scale, the water being allowed to fall down a series of steps, passing through 
wire gauze as it does so. In Paris, also, it has been employed on the small 
scale. 

2. Boiling and Agitation.-—This plan gets rid of calcium carbonate, iron in 
part, and hydrosulphuric acid, and lessens, it is said, organic matter. It is 
uncertain how far boiling will destroy the poisons of the specific diseases, It 
will not destroy bacteria, or at least their germs still live, and Lex found some 
bacteria still moving rapidly, at a temperature of 127° C.¢ Most fungus 
spores are killed by boiling. 

3. Aluminous Salts.—Alum has been used for centuries in India and China, 
to purify water from suspended matters. It does this very effectually, if there 
be calcium carbonate in the water; calcium sulphate is found, and this and a 
bulky aluminium hydrate entangle the floating particles and sink to 
the bottom. Mr Alfred Bird has proposed aluminium tersulphate, which is 
equally efficacious ; it is an acid liquid, containing about ‘4 grains of the sul- 





* Cases of this sort are given in the reports of the medieal officer Sf the Privy Couneil No. 
ii, new series. See Dr Bloxall on fever at Sherborne, Dorset, and Dr Buchanan on the fever at 
Caius’ College, Cambridge. In the latter case Paes trap-water was sucked in from the closets. 

+ Food, Water, and Air, February 1872, p. 68, 

+ It seems improbable that any germ or organism should resist the temperature of boiling 
water, if every part of it be thoroughly heated to that point. The apparent resistance may 
perhaps be due to some spheraidal condition the organism may be capable of assuming. Sander- 
son puts the death-point of common septic Bacteria ut about, 110° é or 230° F., (F. de. 0.) 
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phate in each minim; and M. Bellamy* has also proposed a modification of 
the alum process, by adding additional potash to a solution of alum till the 
precipitate is redissolved. The quantity of crystallised alum to be used should 
ala 6 grains per gallon; of Mr Bird’s fiuid (sulphate of alumina), 20 

ps. 

From numerous experiments on purifications with crystallised alum, and 
with Mr Bird’s patent liquid, I found the following effect to be produced, 
with and without calcium carbonate in the water :— 


Effect on Artificcal Sewage Water of different composition, the Sewaye 
Matter being partly dissolved partly suspended. 


Grains of oxygen 
required to oxidise 
a 


F., and in 
Grains of the presence of 
volatile matter sulphuric acid, per 
per gallon. gallon, 
1. Distilled water, containing volatile sewage 
matter and 8 grains of calcium carbonate 8°8 1:050 
per gallon, : ' ‘ 


Same as above, after precipitating with 9 


* grains of crystallised alum per gallon . t 3°85 350 
Same, with 18 minims of HBird’s patent 4-90 63 
liquid (aluminium sulphate), , : \ 8 
2. Distilled water, with sewage, but with only t O7-44 
2-1 grains calcium carbonate per gallon, 
Same as No. 2, with 18 minims of Bird’s 93-8 
patent fluid. . ; : ; , 
Same as No. 2, with 54 minims of Bird’s | 21-0 
patent fluid, . ; -j 
3. Distilled water, without calcium carbonate, l 
the sewage matter being almost entirely 5° 805 
dissolved and not suspended, . ‘ j 
Same, with 6°8 grains of crystallised alum, 4°76 ‘700 
4, Same water as No. 3, but with 5 grains of } Be 805 
calcium carbonate, : ; - 
Same, with 20 drops of Bird’s liquid, . 402 595 
Same, with 6°8 grains of crystallised alum 4°76 595 


It is clear from these and other experiments, not only that calcium 
carbonate ought to be in the water, but that the action of both alum and Bird’s 
fluid is made more upon the suspended organic matters than upon those 
actually dissolved ; and, indeed, having regard to the great difficulty of insur- 
ing that water is actually free from minute suspended matters, it is even a 
question whether aluminous salts will act in any appreciable degree 
on dissolved organic matters. But on suspended matters, both organic and 
mineral, the effect is very great indeed. Common alum and Bird’s liquid 
seemed to me practically equal ; but alum, being solid, is more convenient for 
transport.t 

If a sedimentous water is extremely soft, a little calcium chloride and sodium 
carbonate should be.put in before the alum is added. 

4, Addition of Lime Water (Clark’s patent).—By combining with carbonic 





* Comptes Rendus de l’Acad., Nov. 11, 1867, p. 799. 

+ The head-quarter pty, Bo the 92d ee epee going up the Indus in 1868, suffered from 
diarrhoea from the use of the water; the left wing used alum and had no diarrhea. The right 
wing then used it and the diarrhcea disappeared.—Jndian Medical Gas., kvag.1889, p. 158. 
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previously and newly formed 


ded and perhaps dissolved 
h calcium and 


acid, it causes almost all the calcium carbonate 
to be thrown down. It also throws down suspen 
organic matters, and also, it is said, iron. It does not touc 
magnesium sulphate and chloride.* 

5. Sodium Carbonate, with boiling, throws down lime, and possibly a little 
lead, if present. ; 

6. Addition of Potassium or Sodium Permanganate (Condy’s red fuid).— 
I have made some experiments with pure Condy’s fluid to determine the value 
of the permanganate. It certainly readily removes the smell of sulphuretted 
hydrogen and the peculiar offensive odour of impure water which has been 
kept in casks or tanks. Lf it forms a precipitate of manganic oxide, it also 
carries down suspended matters ; but the formation of this precipitate is very 
uncertain. The action on thg dissolved organic matters will of course vary 
with the nature of the substance; some of the organic matters, both animal 
and vegetable, will be oxidised ; + but it will not in the cold act even upon 
the whole of these substances, and some organic matters are not touched. 

One objection to the use of the permanganate is that it often communicates 
a yellow tint to the water, arising from suspended finely divided peroxide of 
manganese. This is probably of no moment as far as health is concerned, 
but it is unpleasant. Sometimes the addition ofa little alum will carry down 
this suspended mater ; boiling may be used, but often has no effect. Sometimes 
nothing removes it but charcoal filtration. 

The indications for the use of permanganate are these. In the case of any 
foul-sinelling or suspected water, add good Condy’s fluid, teasponful 
by teaspounful, to 3 or 4 gallons of the water, stirring constantly. When the 
least permanent pink tint 1s perceptible, stop for five minutes; if the tint is 
gone, add 36 drops, and then, if necessary, 30 more, and then allow to stand 
for six hours; then add for each gallon 6 grains of a solution of crystallised 
alum, and if the water is very soft, a little calcium chloride and sodium car- 
bonate, and allow to stand for twelve or eighteen hours. If not clear, or if 
discoloured, filter through charcoal. 

There are many cases in which this plan may be useful; and as the 
permanganate certainly removes smells and oxidises in the cold to some extent, 
it 1s a very good introduction to the alum process, and does work which alum 
alone will not do. But it cannot be considered a complete purifier of water 
from all organic matters. Its oxidising power is, however, very useful in 
cleaning filters, as will be presently noted. 

7. Perchloride of Iron.—It has been found that the water of the Maas in 
Holland, which is turbid from clay and finely suspended organic matters, and 
gives rise in consequence to diarrhoca, is completely purified by perchloride of 
iron in the proportion of about 24 grains of the solid perchloride to 1 gallon 
of water. { 

Use of the Strychnos potatorum.—In India the fruit of the Sérychnos 
potatorum is used, especially by the better class of Hindoos, to purify water. 
It is beaten into a paste, and rubbed on the inside of the water jar or cask. 
Dr Mouat informs me that it is chiefly used for the river water at the seasons 
when it is laden with silt, and that about 30 grains are used for 100 gallons 
of water, which act in twenty-four hours. Its action appears to be on sus- 
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* This plan has been recently tried with great success on a ] i : 
cass valley water works. sil n a large scale, as, for instance, in the 

ave not been able to satisfy myself that I could detect either nitri i i 
perp seo of dissolved sewage by alkaline premanganate, According to ‘Selmiee oealte 
acid is formed. 


+ Chemical News, Mey 1869, p. 289. 
€ 
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pended matters, which it possibly carries down by giving to the water a deli- 
cate albuminous coagulum, eo that it purifies water on the same principle as 
beer is fined.* Dr O’Shaughnessy thought its action was connected with its 
astringency. I have made some experiments on its action, but without any 
satisfactory result. I did not even find it cleared the water thoroughly from 
Sispended matters, and it had no effect on the amount of nitrous 
acid, ammonia, or of oxidisable organic matters, as far as these could be judged 
of by potassium permanganate. Renewed experiments are, however, necessary. 

8. Immersion of Iron Wire and Magnetic Oxide of Iron (Medlock).—This 
plan is said to decompose organic matter. Charcoal and ferric oxide are some- 
times mixed. 

9. Immersion or boiling of certain Vegetables, especially those containing 
tannin, such as tea,t kino, the Laurier rose (Nerium Oleander, which is also 
rubbed on the inside of casks in Barbary), bitter almonds (in Egypt). 

10. Immersion of small pieces of Charcoal, and charring the inside 
of Casks.—This is an extremely effectual plan, but the charcoal soon loses its 
power, and requires to be renewed. Berthollet considered that the charring 
of the casks was more effectual than the immersion; the charring can 
be renewed from time to time. L6witz advises that a little sulphuric acid (10 
drops to 1 Ib. of charcoal) shall be added. A mixture of some of these sub- 
stances has been used, as lime and alum (1 part to 2), or carbon and alum (4 
parts to 1).} 

To put these facts in another form :— 

Organic matter is got rid of most readily by exposure to air, boiling, agita- 
tion, charcoal, alum, potassium permanganate, astringents. 

Carbonate of nme, by boiling and addition of caustic lime. 

Sodium chloride, by filtration through a great depth of charcoal or sand. 

Iron, by boiling and lime water, and in part by charcoal. Lead and copper 
are also removed or lessened by pure charcoal.§ 

Calcium and magnesium sulphate and chloride cannot be got rid of, but are 
perhaps lessened a little by filtration through charcoal. 

It should also be remembered that some water plants have a purifying 
effect, apparently from the large quantity of oxygen they give out; and this” 
takes place sometimes though the water itself is green. 


ny 
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With Filtration. 


Sand and Gravel.—On the large scale, water is received into settling reser- 
voirs, where the most bulky substances subside, and is then filtered through 
gravel and sand, either by descent or ascent, or both.|| 


* Pereira, Pharmaceutical Journal, vol. ix. p. 478. 

+ In the north of China, and especially during winter, the water of the Peiho becomes very 
impure, and {contains not only suspended matters, but dissolved animal matter in large quantity 
which gives the water a disagreeable offensive smell. The Chinese never drink it except as tea 
which is cooled with a lump of ice, if it is desired to drink it cold. In this way they secure 
themselves from all bad effects of this water (Friedel, Das Klima Ost-Asiens, p. 60), The 
Europeans use alum and charcoal; but these do not always entirely remove the taste. The 
Tartars also use their ‘‘ brick tea” to purify the water of the steppes, which would otherwise 
be undrinkable. 

+ Surgeon-Major W. Harvey has tried with good effect the immersion of one or two bags of 
charcoal in a stream, so hat the water should pass through the bags. 

Chevalier, Traité des Désinfect., p. 147. In the Ashanti campaign, under the directions 
of Surgeon-Major V. Gouldsbury C.M.G., the water was purified in the following way, in the ab- 
sence of proper filters :—Alum was added to precipitate suspended matter—tho water was passe 
through a rough filter, consisting of (1.) sponge; (2.) sand; (8.) charcoal in pieces; it was 
then boiled, and afew drops of solution gh Shere ire permanganate added. Water, even 
taken from a hole in a marsh, was innocuous after this treatment. ; 
| A good account of the engineering plans and filtration of the London Water Companies 
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The London water companies usually employ a depth of 3 to 5 feet; in the 
latter case, the upper stratum of 18 inches or 2 feet is composed of sand, the 
lower 3 feet are made up of gravel, gradually increasing in coarseness, from 
pieces the size of a small pea and bean to that of a middle-sized potato. A 
stratum of oyster shells, about 14 inch in thickness, has been used by some 
companies instead of a layer of gravel, but this plan is not general. If the 
filter is 3 feet in thickness, the upper 15 inches are sand, and the lower 21 
inches are gravel. 

The pressure of water in these filters is not great ; the depth of the water is 
never above 2 feet, and some companies have only 1 foot; from 70 to 75 
gallons is the usual quantity which should pass through in 24 hours for each 
square foot; but some companies filter more quickly, viz., at the rate of a 
gallon per 24 hours for each square inch, or 144 gallons per square foot. 

The sand should not be too fine; the sharp angular particles are the best. 
The action seems chiefly, perhaps altogether, mechanical; the suspended 
impurities, both mineral and organic, rub upon and adhere to the angles and 
plane surfaces of the sand, which are gradually encrusted, and after a certain 
time the sand has to be cleaned. The effect on suspended matters, both 
organic and mineral, is certainly satisfactory. On dissolved organic matter it 
is less so.* Mr Witt’s experiments show only a removal of about 5 per cent. 

] have made some experiments ona sand filter of 1 square foot surface, and 
made in imitation of a London water company’s filter, viz., 15 inches of fine, 
well-washed white sand, and 204 inches of gravel, gradually increasing in 
coarseness, The first eight gallons were thrown away, so as to avoid the fallacy 
of including the distilled water with which the sand had been washed. 

This sand filter had the following effect, as shown by the table :— 


It took away three-quarters of the colour. 


It lessened the total solids by . : . 7°063 grains, 
53 »» mineral solids by . ; : . 4:703 _,, 
” »» volatile solids by . , 236, 
5 » total amount of oxygen required for 
oxidation by nearly half, or . ‘1546 ,, 
a »» hardness by . ‘ : : . 4°61 
es » chlorine by . ; ; . 06 
x 5» free ammonia : ; » 0042 
- »  albuminoid ammonia . : » 0126 


These experiments also showed that the effect of the sand in arresting lime 
salts was limited ; it stopped organic matter after it had ceased to arrest lime. 
After a longer time it became useless, and required washing, 

It is yet uncertain whether the action of sand on organic matter is at all 
chemical, ¢.¢., whether the organic matter is oxidised in its transit ; considering 
what an amount of air is contained in the interstices of sand, and how finely 
the water is divided in its transit, some amount of oxidation is probable, but 
good chemical evidence is yet wanted. Mr Shield’s experiments, given in the 
note, seem to me opposed to the probability of much chemical action. On 
dissolved mineral] matters sand exerts at first, and when in thick layers, a good 
A CT LE LLL LL At Ce Lanta btn athnnantensannaioeaness 
yo fonnd in a work called ‘The Water Works of London,” by Messrs Colburn & Shaw, 


* In a sand and gravel filter, 88 inches in thickness, Mr. Shield (Proc. Inst. of Civil En- 
gineers for 1867) ; gives the following numbers :—The original amount of organic matter being 
8006 grains per gallon, the amount after filtration was as follows—after 23 hours action, 
1012 ; after 120 hours, °648 ; after 240 hours, 917; after 376 hours, -809. So that, while on 
the whole the sand removed some organic matter, the amount was really inconsiderable, 
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deal of action ; much sodium chloride can be removed; and Professor Clark 
has stated that even lead can be got rid of by filtering through a thick stratum. 
Very finely divided clay seems to pass through more readily than any other 
suspended matters.* 

The fine white sand is the best; it should be chosen carefully, and well 
washed, and, if possible, heated to redness before use. 

Instead of sand and gravel, trap rock has been used. 

Sponge.—Sponge has a considerable effect in mechanically arresting 
suspended particles. I took two sponges, weighing 255 and 155 grains, and 
pressed them into glass funnels; 11 gallons of sedimentous water of known 
composition were passed through each sponge. The total sediment in the 11 
gallons weighed 273-7 grains ; the larger sponge removed 257 and the smaller 
252 grains. On dissolved matters sponge has kittle effect, as shown in the 
next table. Three sponges, weighing 611, 409, and 365 grains, were taken, 
and an artificial sewage water was poured slowly through. 


























Grains per Gallon. 
Total | Mincral | Destructible | Oxygen required 
Solids. Solids. Solids. for oxidation. 
Unfiltered, . ; , .| 182 4:9 14 2°80 
Filtered through largest sponge, | 17°5 5°6 11:9 2°66 
Filtered through middle-sized 18°9 49 | 14 9-75 
sponge, ‘ : : 
Filtered through smallest sponge,| 17:5 5°6 11:9 2°80 





Animal Charcoal.—Pure animal charcoal (deprived of calcium phosphate and 
carbonate by washing or by hydrochloric acid) is now considered one of the best 
filtering materials. The particles of charcoal should be well pressed together, 
and the passage of the water should not be too quick. Contact with the water 
for about four minutes appears about the best time.t There is a general 
agreement that there is a large removal of suspended matters, both mineral and 
organic ; water even deeply tinged comes through a good charcoal filter very 
clear and bright. So also there seems no doubt that some dissolved organic 
and mineral] matters are also removed by charcoal in the first instance. All 
evidence agrees in respect of that point. Buta serious difference of opinion 
exists as to the mode and permanence of action of animal charcoal. 
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*A peculiar difficulty, never experienced in England, has been discovered in the filtering, 
through sand, of the Hooghly water at Calcutta ; during the rainy season the fine mud brought 
down penetrates very deeply into the filters, and rapidly chokes them ; in the dry season this 
does not happen; the muspenr matters are arrested, as in England, near the upper surface 
of the sand. Mr D. Waldie (Journal of the Asiatic Society of Bengal for 1873, part 11, p. 210.) 
explains this by showing that in the rainy season the water contains much less saline matter 
than in the dry season; it is this saline matter which seems to act on and so cause coherence 
of the particles of mud, so that they become larger and coarser, and are more easily arrested. 
In order to remedy this, Mr. Waldie proposes the addition of substances to the water during 
the rains, which may cause this coalescence; he has tried a great number of experiments 
and different substances, on the whole st bdaaera alum and perchloride of iron are the best ; 
55°4 Tb of crystallised alum, or 19-15 fb of perchloride of iron, were found to be necessary for 
the clarification of one million gallons of muddy Hooghly water during the rainy season. 

+ On this point there is some difference of opinion, as will be seen on reference to the 
debates on Mr Byrne’s payfr in the Proceedings of the Institution"of Civil Engineers for 1867. 
Dr Letheby advocates a slow filtration, while Dr Frankland considers that a rapid flow is 
sufficient ; on passing 41,000 gallons in one day through coarse charcoal, 3 feet in thickness, 
he found half the organic matter removed. With a head of 224 feet of water, he has passerl, 
in 24 hours, as much as 90,784 gallons per square foot through 84 inches of charcoal; but in 
this case the purifying effect is not stated. Dr Frankland has therefore recommended that 
the water supply of a town shall be filtered through animal charcoal. The cost, however, 
would be large, though there is no doubt the water can be got through at a suflicient rate. 
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Thus, Mr Byrne* has shown that with a filter of charcoal weighing 43 Ibs., 
through which 12 gallons of water (containing 10-8 grains of organic matter 
per gallon) were passed in 24 hours, the purifying effect was equal to a removal 
of 55} per cent. of the organic matters from the first gallon, but this gradually 
declined until at the fourth gallon only 1:33 per cent. was removed, and at 
the eighth gallon the action was reversed, and organic matter was given back 
to the water. Exception has been taken in two ways to this experiment— 
first, as regards the chemical proof of the organic matter, and secondly, as to 
the inference drawn from the experiment. As regards the first point, 
it appears to me difficult to set aside Mr Byrne’s facts, and I think they must 
be accepted ; as regards the second point, instead of the animal charcoal exert- 
ing no action, it might have been simply called on to do more than could be 
expected ; for the purifying effect of no substance is inexhaustible.t This 
supposition docs not appear probable, however, as only 43 grains of organic 
matter had gone through 44 lbs. of charcoal before the purifying power of the 
charcoal was virtually exhausted. The inference from Mr Byrne’s experi- 
ments is supported by a statement by Mr Chapman,{ who recovered from 
charcoal the amount of organic matter which had been previously removed by 
it from a water. This would almost seem to settle the point, were it not that 
there is strong and apparently indisputable evidence on the other side. In 
the debate on Mr Byrne’s paper, both Dr Letheby and Dr Frankland brought 
forward facts to show that animal charcoal not merely arrests but chemically 
changes organic matter, and that this power is retained for a long time. Thus 
Dr Letheby obtained some charcoal which had been in use for two years, and 
through which it was calculated 292,000 gallons had passed. The charcoal 
still deprived water of colour and of organic matter, as judged of by perman- 
ganate and distillation with potash for ammonia. The charcoal being then 
analysed, gave the following results :— 


4 ounces from top of filter pave ‘321 grains of ammonia. 
55 » middle »  °162 ‘s 5 
5 » bottom . 240 - 5 


The organic matter had not then accumulated ; what had become of it? Water 
with organic matter having passed through this old charcoal, nitrites appeared 
in the filtrate. It had therefore been oxidised. 

Dr Frankland’s experiments were made on water containing small quantities 
of organic matter, but showed permanence of action after 5000 gallons had 
gone through, 

Taking these experiments in connection with the older experiments of 
Witt, which showed a removal of 88 per cent. of organic matter, and with 
those of Gaultier de Claubry, and with the numerous experiments on charcoal 
filters, the reading of the facts seems to be that charcoal must have a chemical 


* Proceedings of the Institution of Civil Engineers for 1867, 

+ From experiments at Netley, conducted by Mr Sylvester, Apothecary to the Forces, it was 
found easy to foul charcoal by passing through it a strong solution of organic matter ; but the 
power was easily restored by cleansing the filter with a Tittle potassium permanganate. The 
cessation of power must depend upon the relative amount of the organic matter and charcoal, 
but the quantitative relations were not settled. 

t Made in the debate on Mr Byrne’s paper. See Proceedings of the Institution of Civil 
Engineers for 1867. Mr Shield’s experiments on charcoal, the size of walnuts, recorded in 
the same debate, give the following result :-— 


Original water. After 67 hours. After 91 hours. After 115 hours. After 139 hours. 


Amount of or- ; ; 
ganic matter, } 1.430 475 478 620 971 
Beromnee ret as 66°780 68-000 56-670 82°100 


moved, 
Charcoal in granules did not act quite so well. 
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as well as a mechanical effect, but that the limits of purification are sooner 
reached than was supposed, if the organic matter be large, so that a more fre- 
quent cleansing is required. When, however, the amount of organic matter is 
small (under 1 or 2 grains per gallon), the action is very permanent. Dr 
Frankland has suggested that there may be two kinds of organic matter in 
water, one of which is not acted on by charcoal.* 

Vegetable and Peat Charcoal.—The effect of both these is decidedly inferior 
to animal chgrcoal t (Frankland and Byrne). 

Sea-weed Charcoal is said to be efficacious. 

Iron and Charcoal.—Animal charcoal mixed with spongy iron obtained 
from the refuse of copper pyrites is a very good purifier; also spongy iron in 
combination with coarse sand and pyrolusite. 

Domestic Filters.—On a small scale, a numBer of substances have been 
used, such as animal and vegetable charcoal made into blocks, or fine silica 
impregnated with charcoal (silicated carbon filters), hematite and magnetic 
iron ores, the so-called magnetic carbide, spongy iron, manganic oxide, flannel, 
wool, sponges, porous sandstones (natural and artificial), d&c. 

The Souchon filters, which are much employed in Paris, are made 
of diaphragms of wool, which is partially tanned by boiling in solution of 
alum and cream of tartar, then dyeing in infusion of gall-nuts, and washing in 
solution of sodium carbonate. The filter of M. Fonvielle, also used in Paris, 
is composed of nine layers of sponges, pounded sandstone, and gravel. 

The best filters now in the market are made either of animal charcoal, of 
the so-called magnetic carbide of iron, or of spongy iron. I have examined a 
number of filters of this kind, but, for obvious reasons, I do not wish to give 
either the names of the makers or the tabular results. I found, however, that 
in most cases the action was very satisfactory. Suspended matters were 
almost entirely removed, and a considerable amount of dissolved organic 
matters was also taken out, and the action seemed to continue if no excessive 
impurity was used. Individual filters, even from the same maker, differ in 
their action ; but on an average there is no charcoal or magnetic carbide filter 
now in the English market which cannot be relied on to remove 40 per cent. 
of dissolved organic matter, and in some cases it is much more ;f the amount 
of nitrites, ammonia, and of hardness (chiefly carbonate of lime) is also 
Jessened, and chloride of sodium is arrested by several filters to some extent. 
On the whole, a very useful purifying effect is produced even on dissolved 
matters, and it is hardly conceivable that, in the best charcoal, carbide, or 
spongy iron domestic filters, any ova or even smaller living substance could 
pass through.§ 

Cleansing of Filters.— But there is a limit to all purifying powers, and the 
action of all filters is therefore temporary. || After a time, which depends on 
~* The condition of the organic matter is also important, for it has been shown that fresh 
albumen passes through unchanged, whilst about 95 per cent, is arrested when it has begun to 
decompose. (See note by Dr J. L. Notter, Sanitary Record, Oct. 1876, p. 288.) 

+ Frankland, indeed, seems to consider wood charcoal useless. (Proceeding of Inst. Civil 
Engineers, 1867.) Debate on Mr Byrne’s paper. 

* 1 examined six filters from one maker, and found the average removal of organic sewage 
matter to be 74°65 per cent. ; the greatest being 96, and the least 56-2 per cent. The action 
was also fairly permanent, though cleansing was sometimes necessary. 

§It is right, however, to,call attention to the remarks in the sixth Report of the Rivers 
Pollution Commissioners, where they say that, ‘the property, which animal charcoal 
possesses in a high degree, of favouring the growth of the low. forms of organised life, is a 
serious drawback to its use as a filtering medium for potable waters.”——I have seen some con- 
firmation of this in experiments made at Netley, and it shows the necessity of renewal of the 
filtering materials at short intervals. (F. Dx. &) ; 

\| At the Hygienic Congress at Brussels (August 1876), I found that some of the Continental 
chemists were so impressed with the dangers arising from impure filters, that they were 
inclined to doubt the advisability of filtration at all.—(F. pr. C.) . 
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the amount of impurity of the water, they become clogged; the substances 
which block them are organic matters (probably suspended) and lime salts. 
Sodium chloride, after being arrested for some time, may be given off again, 
and thus seldom long remains in a filter. Instead of taking the filter to pieces 
when they are clogged, the following plan may be resorted to:—Every two 
or three months (according to the kind of water) air should be blown through, 
and if the charcoal be in the block form it should be brushed. Then 4 to 6 
ounces of the pharmacopwial solution of potassium permanganate, or 20 to 30 
grains of the solid permanganate in a quart of distilled water, and 10 drops 
of strong sulphuric acid, should be poured through, and, subsequently, 
a quarter to half an ounce of pure hydrochloric acid in 2 to 4 gallons of 
distilled water. This both aids the action of the permanganate, and assists 
in dissolving manganic oxide@and calcium carbonate. Three gallons of distilled 
or good rain water should then be poured through, and the filter is fit again for 
use. This plan would be useful on foreign stations, where the filter cannot be 
sent home or taken to pieces; if it can be taken to pieces, the charcoal should 
be spread out in a thin layer, and exposed for some time to air and sun, or 
heated in an oven. If sponges are at all used, they should be removed from 
time to time, and thoroughly washed in hot water. If the filtering material 
is composed of a solid plate or ball, the surface should be brushed or scraped. 

If the charcoal can be taken out it should be washed, then boiled with a 
little Condy’s fluid, then spread out in the sun or in an oven and dried. If 
means exist it can be re-burnt. All kinds of charcoal, and, of course, most 
domestic filters, give off at first some substances to water; a certain amount of 
preliminary washing out with pure water is desirable.* Among other sub- 
stances, calcium phosphate is taken up from animal charcoal, and even with a 
minute quantity the water will not act on lead (Frankland). 

. ae filters, as now sold in the market, may be divided into several 
inds :— 

1. Syphon cistern filters, which are placed in the water to be purified, and 
through which the water rises. The filter is often put in the cistern, and, of 
course, the delivery-pipe always contains froshly filtered water. A very good 
one of this kind made of animal charcoal has been lately proposed by Dr F. 
N. Macnamara, of Calcutta, and is likely to be of great service in India. It 
is now in use in the Bengal Presidency. . 

2. Pipe filters, in which the filter is placed in the course of the delivery 
pipe ; the effect is the same as with the syphon, but the flow may be quicker, 
as a greater pressure can be obtained. Both of these plans are very useful. 

3. Common domestic filters, of various kinds, filled by hand. 

4. Pocket filters, usually of the syphon kind, or made of a hollow block of 
charcoal, with a tube passing into the interior cavity, the water passes from 
without into the cavity. 

5. Ship filters—Major Crease, R.M.A., has arranged a very useful tank 
filter for ships ; it is an iron box, cemented inside by a process patented by 
Major Crease, and divided into two parts by a partition ; on one side are 10 to 
12 inches of sand, on the other is a corresponding amount of animal charcoal, 
or charcoal is placed on both sides; a plate and screw lies on both sand and 
charcoal, so that they can be compressed to any desired extont; and the water 





erent? 


*I have found that an interchange sometimes takes place in a filter. 1 
calcium sulphate and nitrate water through a new charcoal filter ; the a papier ta 
entirely removed, and the nitric acid partly so; their place was taken by phosphoric acid. 
It has cartel to me delat eeoules water might not be made more wholesome by thus 
sabstivating ph onp| uous acid, by leaving the calcium phosphate in the er or supplying 
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enters on one side, passes down through the sand, and ascends through the 
charcoal. I have examined this filter carefully and find its power to be very 
great. Jt removes oily matter, which is so often found in condensed water, 
and both the sand and charcoal are easily taken out and cleaned. He has 
also introduced smaller filters for barrack use, which are extremely good, and 
are excellent for ambulance and field use (see figs. 9and 10). Of the tank filters 
used in the Ashanti war, Dep.-Surg.-General Sir A. D. Home, K.C.B., V.C., 
reports: “ Fog effectiveness in perfectly filtering water in large quantities, and 
for the ease with which the filtering substance could be cleansed, those tanks 
left nothing to be desired.” (Army Medical Reports, vol. xv. p. 247.) 
neuer ~/ 7: 
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SECTION IV. 


EFFECTS OF AN INSUFFICIENT OR IMPURE SUPPLY OF 
: WATER. 


Suz-Ssction I.—Insvurricrent Suppty. 


Fhe consequences either of a short supply of water for domestic purposes, 
or of difficulty in removing water which has been used, are very similar. On 
this point much valuable information was collected by the Health of Towns 
Commission in their invaluable Reports.* It was then shown that want of 
water leads to impurities of all kinds ; the person and clothes are not washed, 
or are washed repeatedly in the same water; cooking water is used scantily, 
or more than once; habitations become dirty, streets are not cleaned, sewers 
become clogged ; and in these various ways a want of water produces unclean- 
liness of the very air itself. 

The result of such a state of things is a general lowered state of health 
among the population ; it has been thought also that some skin diseases— 
scabies, and the epiphytic affections especially—and opthalmia in some cases, 
are thus propagated. It has also appeared to me that the remarkable cessation 
of spotted typhus among the civilised and cleanly nations is in part owing, 
not merely to better ventilation, but to more frequent and thorough washing 
of clothes. 

The deficiency of water leading to insufficient cleansing of sewers has a 
great effect on the spread of typhoid and of choleraic diarrhoea ; and cases have 
been known in which outbreaks of the latter disease have been arrested by a 
heavy fall of rain. 

Little is known with certainty of the effects produced on men by deficiency 
in the supply of water. Under ordinary circumstances, the sensation of 
thirst, the most delicate and imperative of all our feelings, never permits any 
great deficiency for a long time, and the water-removing organs eliminate with 
wonderful rapidity any excess that may be taken, so as to keep the amount 
in the body within certain limits. But when circumstances prevent the sup- 
ply of water, it is well known that the wish to drink becomes so great, that 
men will run any danger, or undergo any pain, in order to satisfy it. The 
exact bodily condition thus produced is not precisely known, but from exper- 
ments on animals and men, it would appear that a lessened amount of water 
in the body diminishest+ the elimination of the pulmonary carbonic acid, the 
intestinal excreta, and all the important urinary excreta. 


Se ese ra ee can cae a “aga, ach Ee 
‘cee and second Reports (with evidence) of the Health of Towns Commission, 1844 and 


+ The experiments of Falck and Scheffer on animals, and of Mosler on men and women, are 
here referred to. 2 
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The more obvious effects produced on men who are deprived for some time 
of water is, besides the feeling of the most painful thirst, a great lowering of 
muscular strength and mental vigour. After a time exertion becomes almost 
impossible, and it is wonderful to see what an extraordinary change is pro- 
duced in an amazingly short time if water can be then procured. The supply 
of water becomes, then, a matter of the most urgent necessity when men are 
undergoing great muscular efforts, and it is very important that the supply 
should be by small quantities of water being frequently taken, and not by 
large amount at any one time. The restriction of water by trainers is based 
on a misapprehension: a little water, and often, should be the rule. (See 
EX#ROISE. ) 


Sus-Srotion IL—lImpurz Svuprty. 


At present, owing probably to the difficulty of making analyses of waters, 

the exact connection between impure water and disease does not stand on so 
precise an experimental basis as might be wished. There are some persons 
who have denied that even considerable organic or mineral impurity can be 
proved to produce any bad effect; while others have believed that some 
mineral ingredients, such as calcium carbonate, are useful. 
' It may be true that water containing a large quantity of organic matter, or 
much calcium and magnesium sulphate, has been used for long periods without 
any ill effects. The water of the Canal de l’Ourcg, which contains much 
calcium bicarbonate, and some calcium and magnesium sulphate, was found 
by Parent-Duch&telet to produce no bad effect, and Boudet has lately asserted 
the same thing.* 

In some of these cases, however, very litile careful inquiry has been made 
into the state of health of those using the water, and that most fallacious of 
all evidence, a general impression, without a careful collection of facts, has 
often been the only ground on which the opinion has been come to. As well 
observed by Mr Simon, in one of his philosophical Reports,t we cannot ex- 
pect to find the effect of impure water always sudden and violent ; its results 
are indeed often gradual, and may elude ordinary observation, yet be not the 
less real and appreciable by a close inquiry. In fact, it is only when striking 
and violent effects are produced that public attention is arrested ; the minor 
and more insidious, but not less certain, evils are borne with the indifference 
and apathy of custom. In some cases it is by no means improbable that the 
use of the impure water, which is supposed to be innocuous, has been really 
restricted, or that experience has shown the necessity of purification in some 
way. This much seems to be certain, that as precise investigations proceed, 
and, indeed, in proportion to the care of the inquiry and the accuracy of the 
examination, a continually increasing class of cases is found to be connected 
with the use of impure water, and it seems only reasonable to infer that astill 
more rigid inquiry will further prove the frequency and importance of this 
mode of origin of some diseases. 

Animal organic matter, especially when of fecal origin; vegetable organic 
matter, when derived from marshes ; and some salts, are the principal noxious 
ingredients. ; 

Of the hurtful substances, the suspended animal, and especially fwcal 
matters, are probably the worst. At least, it is remarkable how frequently, 
both in outbreaks of diarrhoea and typhoid fever, the reports notice turbidity, 
discoloration, and smell of the water. It is this fact which makes the examina 





* The Canal de l’Ourcy (which has a boat population of about 40,000) is now abandoned 
source of drinking water, and the greater of Paris is supplied pad the river Vanne. i 
+ Second Annual Report to the City of London, p, 121. e: 
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tion of colour and turbidity so important. The thoroughly dissolved organic 
matters appear less hurtful ; at least there is some evidence that perfectly clear 
waters, though containing much matter dissipated by heat, and consisting of 
dissolved organic matter or its derivatives, are often taken without injury. 
Probably, also, the more recent the feecal contamination, the more injurious, 
since the most poisonous attacks on record have been in cases of wells into 
which, after slow percolation for some time, a sudden gush of sewage water 
has taken place. 

It has been frequently stated that the readily oxidisable organic matters in 
water are the most dangerous. This opinion has probably arisen from the 
idea that a substance in rapid chemical change is more likely to excite some 
corresponding and hurtful action in the body; and it may be true, but 
there is no evidence, to my knowledge, which «an be trusted on the point. 
There is, on the other hand, some evidence that animal matters forming fatty 
acids give rise to salts which, though not oxidising into nitrous and nitric 
acid, are as hurtful as the more oxidisable substances. 

Of late years, too, an opinion has been expressed that the amount of the 
mineral substances is of little consequence. This can be true only in a limited 
sense; there are some mineral substances, such as sodium chloride,* or 
carbonate, or calcium carbonate, which, within certain limits, appear to do no 
harm. But in the case of other minerals, such as calcium and magnesium 
sulphates and chlorides, and calcium nitrate, there can be little doubt that 
their use is injurious to many persons. It seems also probable that a com- 
bination of impurities, and especially the co-existence of organic matter and 
calcium sulphate, is hurtful ; at least the analysis of waters which have decidedly 
produced injury often shows that the impurities have been numerous. 

As far as at present known, the existence of infusoria of different kinds is 
not hurtful, though they may indicate by their abundance the presence of 
organic impurity. The effect of microzymes, alge, or fungi, in drinking water 
is also a matter of which little or nothing is known, though it is very probable 
that future research may bring out something important in this direction. 

The most practical way of stating the facts connected with the production 
of disease by water will be to enumerate the diseases which have been traced 
to the use of impure water, and to state the nature of the impurities. 


1, AFFECTIONS OF THE ALIMENTARY MUCOUS MEMBRANE. 


It is reasonable to suppose that the impurities of water would be likely to 
produce their greatest effect upon the membrane with which they come first 
in contact. This is in fact found to be the case. 


Affections of the Stomach— Dyspepsia. 


Symptoms which may be referred to the convenient term dyspepsia, and 
which consist in some loss of appetite, vague uneasiness or actual pain at the 
epigastrium, and slight nausea and constipation, with occasional diarrhora, 
are caused by water containing a large quantity of calcium sulphate and 
chloride, and the magnesian salts. Dr Sutherland found the hard water of 
the red sandstone rocks, which was formerly much used in Liverpool, to have 
a decided effect in» producing constipation, lessening the secretions, and 
causing visceral obstructions; and in Glasgow, the substitution of soft for 
hard water lessened, according to Dr Leech, the prevalence of dyspeptic com- 
plaints. It is a well-known fact that grooms, object to give hard water to their 
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* Wanklyn has actually proposed to add sodium chloride to drinking water, to the extent of 
_ 50 grains per gajjon, in order to improve its taste. - _ 4 
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horses, on the ground that it makes the coat staring and rough—a result 
which has been attributed to some derangement of digestion. The exact 
amount which will produce these symptoms has not been determined, but 
water containing more than 8 grains of each substance individually or collec- 
tively appears to be injurious to many persons. This would correspond to 
about 10 degrees of permanent hardness. A much less degree than this will 
affect some persons. Ina well water at Chatham, which was found to 
disagree with so many persons that no one would use the water, the main 
ingredients were 19 grains of carbonate of lime, 11 grains of calcium eulphate, 
and. 13 grains of sodium chloride, per gallon. The total solids were 50 grains 
per gallon. In another case of the same kind, the total solids were 58 grains 
per gallon, the calcium carbonate was 22, the calcium sulphate 11, and the 
sodium chloride 14 grains peg gallon. 

Iron, in quantities sufficient to give a slight chalybeate taste, often produces 
slight dyspepsia, headache, and general malaise. Custom seems to partly 
remove these effects. 


Diarrhea. 


Many conditions produce diarrhea. 

(a) Suspended Mineral Substances.—Clay, marl—as in the cases of the 
water of the Maas, the Mississippi, the Missouri, Rio Grande, Kansas,* of the 
Ganges, and many other rivers—vwill at certain times of the year produce 
diarrhoea, especially in persons unaccustomed tothe water. The hill diarrhcea 
at Dhurmsala is produced, apparently, by suspended very fine scales of mica. 

(6) Suspended Animal, and especially Fecal Matters, have produced 
diarrhoea in many cases ; such water always contains dissolved organic matters, 
to which the effect may be partly owing. The case of Croydon in 1854 
(Carpenter) is one of the most striking on record. In cases in which the 
water is largely contaminated with suspended sewage, it is important to 
observe that the symptoms are often markedly choleraic (purging, vomiting, 
cramps, and even some loss of heat). This point has been again noticed by 
Oldekop of Astrachan,{t who found marked choleraic symptoms to be produced 
by the water of the Volga, which is impregnated with sewage. Seven cases 
in one house of violent gastro-intestinal derangement (vomiting, diarrhea, 
colic, and fever), produced by water contaminated by sewage which had passed 
into the cistern, are recorded by Dr Gibb.§ In the prison at Halle an out- 
break of diarrhoea was traced by Dolbruck to the contamination of water with 
putrid substances. In St Petersburg the water of the Neva, which is rich in 
organic substances, give diarrhcea to strangers.|| 

Suspended animal and vegetable substances, washed off the ground by 
heavy rain into shallow wells, often produced diarrhcea, as at Prague in 1860, 
when an endemic of “catarrh of the alimentary canal” was produced by heavy 
floods washing impurities into the wells.{] | 

(c) Suspended Vegetable Substances.—In this country, and also in the late 
American civil war, several instances have occurred of diarrhea arising from 
the use of surface and ditch water, which ceased when wells were sunk; 
possibly there might be also animal contamination. It is not, therefore, quite 





* Hammond's Hygiene, p. 218, 
eee vide Dr Macnamara’s 8th Report on Potable Waters in Bengal, Appendix, 


Virchow’s Archiv, band xxvi. p. 117. 
Fea Ba a ei, Gomadic 
i y an il. ek . 24, 
Canstatt's Jahresb. 1862, vol. ii p. 81. e 
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certain that suspended vegetable matter was the vera causa. Surgeon- 
Major Gore has recorded a violent outbreak of diarrhoea at Bulama, on the 
west coast of Africa,* produced by the water of a well; the water was itself 
pure, but was milky from suspended matters, consisting of debris of plants, 
chlorophyll, minute cellular and branched algsw, monads, polygastrica, and 
minute particles of sand and clay. When filtered the water was quite 
harmless. 

(d) Dissolved Animal Organic Matter.—The opinion is very widely diffused 
that dissolved and putrescent animal organic matter, to the amount of 3 to 10 
grains per gallon, may produce diarrhoea. This is possibly correct, but two 
points must be conceded—le/, That there are usually other impurities which 
aid the action of the organic matter ; and 2d, That organic matter, even to the 
amount of 10 to 15 grains per gallon, may exist without bad effects, if it be 
perfectly dissolved. In the latter case the water is, however, always clear and 
sparkling, never tainted or discoloured. The frequent presence of other 
impurities renders it difficult to assign its exact influence to dissolved organic 
matters. 

In the case of a well-ventilated court in Coventry,t where diarrhoea was 
constantly present, the water contained 5-68 grains per gallon of volatile and 
combustible matter, but then it contained also no less than 105 grains of fixed 
salts, which, as the water had a permanent hardness of 51°°6 (Clark’s scale) 
after boiling, must have consisted of calcium and magnesium sulphates and 
chlorides. Italso contained alkaline salts, nitrates, and ammonia. The com- 
position was therefore so complex, that it is difficult to assign to the organic 
matter its share in the effects. 

The animal organic matter derived from graveyards appears to be especially 
hurtful ; here also ammonium and calcium nitrites may be present. 

(e) Dissolved Vegetable Matter.—There is no evidence at present to show 
that this produces diarrhoca. 

(f) Fetid Gases.—Water containing much sulphuretted hydrogen will give 
rise to diarrhoea, especially if organic matter be also present. In the late 
Mexican War (1861-62), the French troops suffered at Orizaba from 
a peculiar dyspepsia and diarrhoea, attended with immense disengagement of 
gas and enormous eructations after meals. The eructed gas had a strong smell 
of sulphuretted hydrogen.{ This was traced to the use of water from sul- 
phurous and alkaline springs; even the best waters of Orizaba contained 
organic matter and ammonia in some quantity. The experiments of Professor 
Weber have shown what marked effects are produced by the injection of 
sulphuretted hydrogen in solution in water into the blood ; is it possible that 
water containing animal organic matter may occasionally form SH, after 
absorption into the blood, and that the poisonous effect of some water may 
be owing to this? The symptoms of poisoning by water contaminated by 
sewage are sometimes very like those noted by Weber in his experiments, 
viz., diarrhoea and even choleraic symptoms (lowering of temperature), and 
irritation of the lungs, spine, liver, and kidneys. 

The absorption of sewer gases, as when the overflow-pipe of a cistern opens 
into the sewers, will cause diarrhoea, This seems perfectly proved by the 
case recorded by Dr Greenhow, in Mr Simon's second report.§ 

(9) Dissolved Mineral Matters, if passing a certain point, produce diarrhea. 





* Report on Hygiene by the Author, ‘‘ Army Medical Report,” vol. v. p. 428. 
+ Greenhow, in Report of the Medical Officer of the Privy Council, 1860, Pp 75. 
.tPoncet, in Rec. de Mem. de Med. Mil. 1868, p. 218. ‘he exact words are “‘une odeur 
d’acid sulfurique,” but ‘‘ sulfhydrique” must be meant. 
§ Second Repgrt of the Medical Officer of the Privy Council, Parl. Paper, 1860, p. 153. 
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i hich was dis- 

Boudin refers to an outbreak of diarrhoxa at Oran, in Algiers, whic! " 

tinctly traced to bad water, and ceased on the cause being arin ; the nn 

" position of the water is not explicitly given, but it contained lime, pate 

and carbonate of soda. Sulphates of lime and magnesia also oo ee 

following sometimes constipation. The selenitic well waters of Paris hee 
have this effect on strangers. Parent-Duchitelet * noticed the ere — 

of patients furnished by the prison of St Lazare, in consequence 0 ats if . 

and he traced this to the water, which “contained a very large oR i a 

sulphate of lime and other purgative salts ;” and he tells us that . . _ 

noticed the same fact twenty years before in a particular mean 0 a 

Salpétriére. In some of the West Indian stations, the water drawn ie e 
calcareous formation has been long abandoned, in consequence of the tendency 
to diarrhoea which it caused. ¢ 

Nitrate of lime waters also produces diarrhoea. A case is on record, in 
which a well water was obliged to be disused, in consequence of its impregna- 
tion with butyrate of lime (105 grains per gallon), which was derived from a 
trench filled with decomposing animal and vegetable matters. + 

Brackish water (whether rendered so by the sea, or derived from loose 
sands) produces diarrhoa in a large percentage of persons, and at some of the 
Cape frontier stations water of this character formerly caused much disease of 
this kind. In a water I examined, which became brackish from sew water, 
and which produced diarrhea in almost all persons, I found the amount of 
chlorids of sodium to be 253 grains per gallon. But, doubtless, a much Joss 
quantity than this, especially if chloride of magnesium be present, will act in 
this way. . 

(1) Metallic Impreqnation.—Occasionally animal organic matter acts in an 
indirect way, by producing nitrites and nitrates, which act on metals. 

Dr Bedeker,{ a physican in Witten, was called to some cases of sickness 
produced apparently by water. On examining the point, he found the water 
was drawn from a pump with a copper cylinder, and contained a considerable 
quantity of copper, which seemed to be in combination with some organic 
matter.§ 

Lead (a3 might have been anticipated) was also largely present in this water, 
as leaden pumps were used ; iron, on the contrary, was not dissolved. 


Dyseniery. 


Dysentery also is decidedly produced by impure water, and this cause 
ranks high in the etiology of dysentery, though perhaps it is not the first. 
' Several of the older army-surgeons refer to this cause. Pringle does so 
several times, and Donald Munro, in the “Campaigns in Flanders and 
Germany.” In the West Indies, Lempriére,|| in 1799, noticed the increase 
of bowel complaints in Jamaica in May, when, after floods, the water was 
bad and turbid, “and loaded with dirt and filth.” He also mentions, that at 
Kingston and Port Royal the dysentery was owing to brackish water. It 





* Hygiéne Publique, t. i. p. 236, 

+ Zeitechrift fur Hygiene, vol. i. p. 166. See also a remark on the effect of calcium and 
potassium nitrate in causing a tendency to diarrhoea in the Report on the Drainage of Berlin 
(Die Kanalisation von Berlin, 1868, pp. 27, 28). 

' f Pappenheim‘s Beitrage, heft iv. p. 49. 

§ The amount of copper required to produce poisonous symptoms appears to be doubtful. 
It is sa:d that the miners in the desert of Attacama, in South America, prefer to use water 
containing so much copper as to have a distinct green colour, rather than the water brought 
up from the wells near the shore in skins, which give it an unpleasant taste. It is true that 
it : eh Aad aia coffee and may thus be to a certain extent puritied. 

| Pp, a. ¢ 
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was not, however, for many years after this that fresh sources of water were 
sought for in the West Indies, and that rain water began to be used when 
good spring or river water could not be got. 

Davis * mentions as a curious fact, in reference to the West Indies, that 
ships’ crews, when ordered to Tortola, were “invariably seized with fluxes,” 
which were caused by the water. But the inhabitants who used tank (ie., 
rain) water were free ; and so well known was this, that when any resident at 
Tortola was invited to dinner on board a man-of-war, it was no unusual thing 
for him to carry his drinking water with him. 

The dysentery at Walcheren, in 1809, was in no small degree owing to the 
bad water, which was almost everywhere brackish. 

The epidemic at Guadaloupe, in 1847, recorded by Cornuel, seems also 
quite conclusive as to the effect of impure water in causing, not merely 

isolated cases, but a wide-spread outbreak.t 

In 1860, at Prague, there were many cases of dysentery, clearly traced to 
the use of water of wells and springs rendered foul by substances washed into 
the water by heavy floods. Exact analyses were not made. 

On the West Coast of Africa (Cape Coast Castle), an attack of dysentery 
was traced by Surgeon-Major Oakes to the passage of sewage from a 
cesspool into one of the tanks. ‘This was remedied, and the result was the 
almost total disappearance of the disease.” 

That in the East Indies a great deal of dysentery has been produced by 
impure water, is a matter too familiar almost to be mentioned (Annesley ; 
Twining). Its constant prevalence at Secunderabad, in the Deccan, appears 
to have been partly owing to the water which percolated through a large 
grave-yard. One of the sources of water contained 119 grains of solids per 
gallon, and in some instances there were 8, 11, and even 30 grains per gallon 
of organic matter. (Indian Report, p. 44.) 

Champouillon{ has lately recorded a case in which two regiments used the 
impure water from the Canal de ]’Ourcq, near Paris. One regiment mixed 
the water with coffee or red wine, the tannin of which united with the organic 
matter ; this regiment had no dysentery. The second regiment used brandy, 
which precipitated the organic matter on the side of the vessel, where it 
putrified. This regiment suffered from dysentery ; the substitution of red 
wine for brandy stopped the disease. 

The great effect produced by the impure water of Calcutta in this way has 
been pointed out by Chevers. (Indian Annals, No. 17, p. 70, 1864.) 

In time of war this cause has often been present; and the great loss by 
dysentery in the Peninsula, at Ciudad Rodrigo, was partly attributed by Sir 
J. M‘Grigor to the use of water passing through a cemetery where nearly 
20,000 bodies had been hastily interred. 

The impurities which thus produce dysentery appear to be of the same 
kind as those which cause the allied condition, diarrhoea. Suspended earthy 
matters, suspended animal organic matter, calcium and magnesium sulphates 
and chlorides, calcium and ammonium nitrates, large quantities of sodium and 
Magnesium chlorides in solution, appear to be the usual ingredients ; but there 
are few perfect analyses yet known.§ 





* On, the Walcheren Fever, p. 10. ; ; 
+ See a review by the author on Dysentery, in the “ British and Foreign Medical and Chir- 
cal Review” for 1847, for fuller details of this epidemic. 
Rec. de Mem. de Med. Mil. 1872, Sept. p. 230. 

§ A localised epidemic of dysentery occurred in some barracks at Nurnberg in the summer 
of 1872, 80 cases and 4 deaths taking place among the soldiers. The absorption of putrefaction 
ace from the cloaca in the wings of the building by the drinking water, was considered to, 
the cause: tbe water contained nitrates and free ammonia, An individual. predisposition 
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The observations which prove so satisfactorily that the dysenteric stools can’ 
propagate the disease, make it probable that, as in the case of typhoid fever 
and cholera, the accidental passage of dysenteric evacuations into drinking 
water may have some share in spreading the disease. 


2, AFFECTION OF OTHER MUCOUS MEMBRANES BESIDES THE ALIMENTARY. 


Little has yet been done to trace out this point. At Prague, after the 
severe flood of 1860, bronchial catarrh was frequent, probably caused chiefly 
by the chills arising from the great evaporation; but it was noticed that 
bronchial catarrh was most common when the drinking water was foulest and 
produced dysentery. Possibly the bronchial and the urinary mucous mem- 
branes may also suffer from foul water; the point is well worthy of close in- 
vestigation. 


3. SPECIFIO DISEASES. 


That some of the specific diseases are disseminated by drinking water is a 
fact which has only attracted its due share of attention of late years. It is 
certainly one of the most important steps in etiology which has been made 
in this century, and the chief merit of its discovery is owing to the late Dr 
Snow. 


Malarious Fevers. 


Hippocrates states that the spleens of those who drink the water of marshes 
become enlarged and hard; and Rhazes not only asserted this, but affirmed 
that it generated fevers. Little attention seems to have been paid to this 
remark, and in modern times the opinions of Lancisi, that the air of marshes 
is the sole cause of intermittents, has been so generally adopted, that the 
possibility of the introduction of the cause by means of water, as well as of 
air, was overlooked. Still, it has been a very general belief among the in- 
habitants of marshy countries, that the water could produce fever. Henry 
Marshall* says that the Singhalese attribute fevers to impure water, 
‘“‘especially if elephants or buffaloes have been washing in it,” and it is to be 
presumed that he referred to periodical fevers. On making some inquiries of 
the inhabitants of the highly malarious plains of Troy, during the Crimean 
war, I found the villagers universally stated, that those who drank marsh 
water had fever at all times of the year, while those who drank pure water 
only got ague during the late summer and autumnal months. The same belief 
is prevalent in the south of India ; and in Western Candeish, Canara, Balaghut, 
and Mysore, and in the deadly Wynaad district, it is stated by Mr Bettington 
of the Madras Civil Service, that it “is notorious that the water produces 
fever and affections of the spleen.” The essay by this gentlemant gives, 
indeed, some extremely strong evidence on this point. He refers to villages 
placed under the same conditions as to marsh air, but in some of which fevers 
are prevalent, in others not ; the only difference is, that the latter are supplied 
with pure water, the former with marsh or nullah water full of vegetable 
debris. In one village there two sources of supply,—a tank fed by surface 
and marsh water and a spring ; those only who drink the tank water get fever. 
In a village (Tulliwaree) no one used to escape the fever ;.Mr Bettington dug a 
well, the fever disappeared, and, during fourteen years, has not returned. 

Another village (Tambatz) was also “notoriously unhealthy,” a well was 


to the disease appeared, however, to be also necessary. (Schmidt’s Jahrblicher, 1874. 1 vol, 
Py Topography of Ceylon, p, 52, + Indian Annals, 1856, p. 526, = ¢ 
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dug, and the inhabitants became healthy. Nothing can well be stronger than 
the positive and negative evidence brought forward in this paper. 

Dr Moore (Indian Annals, 1867) has also noted his opinion of malarious 
disease being thus produced ; and M. Commaille has since (Rec. de Mém. de 
Méd. Mil, Nov. 1868, p. 427) stated, that in Marseilles paroxysmal fevers, 
formerly unknown, have made their appearance, since the supply to the city 
has been taken from the canal of Marseilles. In reference also to this point, 
I observe that Dr Townsend, the Sanitary Commissioner for the Central 
Provinces in India, mentions in one of his able reports (for 1870, published 
at Nagpore in 1871, para. 143, e¢. seg.) that the natives have a current opinion 
that the use of river and tank water in the rainy season (when the water 
always contains much vegetable matter) will almost certainly produce fever 
(i.e, ague), and he believes there are many «ircumstances supporting this 
view. In this way the prevalence of ague in dry elevated spots is often, he 
thinks, to be explained. He mentions also that the people who use the water 
of streams draining forest lands and rice fields “suffer more severely from 
fever (ague) than the inhabitants of the open plain drawing their water from 
a soil on which wheat grows. In the former case there is far more vegetable 
riatter in the water. The Upper Godavery tract is said to be the most aguish 
in the province, yet there is not an acre of marshy ground ; the people use the 
water of the Godavery, which drains more dense forest land than any river in 
India. 

In the “Landes” (of south-west France), the water from the extensive 
sandy plain contains much vegetable matter, obtained from the vegetable 
deposit, which binds together the siliceous particles of the subsoil. It has a 
marshy smell, and, according to Fauré, produces intermittents and visceral en- 
gorgements. Dr Blanc, in his papers on Abyssinia, mentions that on the 
march from Massowah to the highlands, Mr Prideaux and himself, who drank 
water only in the form of tea or coffee, entirely escaped fever, while the others 
who were less careful suffered, and, as Dr Blanc believes, from the water. 

The same facts have been noticed in this country. Twenty years ago Mr 
Blower of Bedford mentioned a case in which the ague of a village had been 
much lessened by digging wells, and he refers to an instance in which, in the 
parish of Houghton, almost the only family which escaped ague at one time 
was that of a farmer who used well water, while all the other persons drank 
ditch water.* 

At Sheerness the use of the ditch water, which is highly impure with vege- 
table debris, has been also considered to be one of the chief causes of the 
extraordinary insalubrity. + 

At Versailles a sudden attack of ague in a regiment of cavalry was traced 
to the use of surface water taken from a marshy district. { 

The case of the Argo, recorded by Boudin,$ is an extremely strong one. 
In 1834, 800 soldiers in good health embarked in three vessels to pass from 
Bona in Algiers to Marseilles. They all arrived at Marseilles the same day. 
In two vessels there were 680 men without a single sick man. In the third 
vessel, the Argo, there had been 120 men; thirteen died during the short 
passage (time not given), and of the 107 survivors no less than 98 were dis- 





e 

* Snow “On the Mode of Communication of Cholera,” 2d edit. 1855, p. 180. 

+ Is it not possible that the great decline of agues in England is artly due to a purer drink- 
ing water being now used? Formerly, there can be little doubt, when there was no organised 
supply, and much fewer wells existed, the people must have taken their supply from surface 
collections, and ditches, as they do now, or did till lately, at Sheerness. 

+Grainger’s Report on Cholera. Appendix (B), p $5 : footnote. 

§ Traité de Géographie et de Statistique Médicales, 1857, t.i. p. 142, 
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embarked with all forms of paludal fevers, and as Boudin himself saw the 
men, there was no doubt of the diagnosis. The crew of the Argo had not a 
single sick man. 

All the soldiers had been exposed to the same influences of atmosphere 
before embarkation. The crew and the soldiers of the Argo were exposed to 
the same atmospheric condition during the voyage ; the influence of air seems 
therefore excluded. There is no notice of the food, but the production of 
malarious fever from food has never been suggested. The water was, how- 
ever, different—in the two healthy ships the water was good. The soldiers 
on board the Argo had been supplied with water from a marsh, which had a 
disagreeable taste and odour; the crew of the Argo had pure water. The 
evidence seems here as nearly complete as could be wished.* 

One very important circumstance is the rapidity of development of the 
malarious disease and its fatality when introduced in water. It is the same 
thing as in the case of diarrhcea and dysentery. Lither the fever-making 
cause must be in larger quantity in the water, or, what is equally probable, 
must be more readily taken up into the circulation and carried to the spleen, 
than when the cause enters by the lungs. 

In opposition, however, to all these statements must be placed a remark of 
Finke’st that in Hungary and Holland marsh water is daily taken without 
injury. But in Hungary, Dr Grosz states that, to avoid the injurious effects 
of the marsh water, it is customary to mix brandy with it, “a custom which 
favours hypertrophies of the inner organs.” { Professor Colin, of the Val de 
(trace, who is so well known for his researches on intermittent fever,§ is also 
inclined to question the production of paroxysmal fevers by marsh water. 
He cites numerous cases in Algiers and Italy, where impure marsh water gave 
rise to indigestion, diarrhwa, and dysentery, but in no case to intermittent 
fever, and in all his observations he has never met with an instance of such 
an origin of ague. He therefore denies this power, and in reference to the 
celebrated case of the Argo, without venturing to contest it, he yet views it 
with suspicion, and questions whether Boudin has given the exact details. 

An instructive case, however, is recorded by Surgeon-major Faught (Army 
Medical Reports, vol. xvii. p. 212). The artillery quartered at Tilbury Fort (in 
the Gravesend district) have generally suffered more or less from ague, whilst 
the people at the railway station, and the coastguard and their families in the 
ship lying just outside the fort, never suffer from malarious poisoning. The 
troops have been supplied with drinking water from two underground tanks 
which receive rain-water from the roof of the barracks, whilst the other 
persons above mentioned draw their drinking-water from a spring near the 
railway station. From December 1873 to July 1874 the troops were supplied 
from the same source, on account of the barrack tanks being out of repair. 
The following table shows the returns of sickness :— 


* Ritter, Hirsch in Jahresb. fiir gen. Med. for 1869, p. 192. 

+ Oesterlen’s Handb, der Hygiene. 2d edit. 1857, p. 129; footnote. 

t Quoted by Wutzur, Reise in den Orient. Europas, band i. p. 10]. 

§ De I'Ingestion des eanx Marécageuses comme cause de la Dysentérie et des Fidvres Inter- 
mittentes, par L. Colin, Paris 1872. 


EFFECTS OF IMPURE WATER. 47 




















Admissions | Pereentuge | Ratio of | water | ‘Theanalyses of ti 

~ength. for of Admissions yee OF te 

eet mrcear? Ague. | Admissions. | per annum. “ iat oo 

———— SS er TT | posed to sonkage 

1872. | Wales: ‘ling aoe enn to. 

a arsh, for 

Jan. to June, 103 34 33 66 Pile i | the ro al a iain 

water yielded 41°38 

rack tanks. grains Per gallon of 

total solids in the one 

1873. case, and 146°95 in 

Jan. toJune.| 102 12 118 23°6 Do. {the other, the chio- 

rine being respec- 

ey. rhe and 33°9, 

1e «station water 

1873—4. gave 88 grains total 

Dec. 1873 to 90 1* 11 19 Water | solids and only 3°3 of 

Jul 1874 from spring; chlorine. As regards 

y . at the rail-| organic matter, the 

sd way sta- | tank waters showed 

tion actually leesimpurity 

| : than or station 

water by the ammo- 

1874-5. : nia method, but by 

| Nov. ee 53 4+ 76 22°8 Pai ie one 

| March 1875. > jm ; re 
| rack tanks. 

! 





three times as im- 
pure. For full details 
and for the micro- 
scopic examination, 
seethe original paper. 








La 
s 




















ON ee eee 


* Thi in hospital only five days: {it ocourred only a few days after the arrival of the battery. 
t None of tebe had pia had amuse before; two had to be sent on furlough, being much debilitated by 
malaria. 





Typhoid Fever. 


The belief that typhoid fever can spread by means of water as well as air 
appears to be quite of modern origin, though some epidemics, such as the 
“ Schleim-fieher” of Gottingen in 1760, were attributed in part to the use of 
impure water. In 1822, Walz affirmed that an outbreak of “typhus” 
(typhoid) at Saarlouis, in Rhenish Prussia, was caused by impure water ; and 
in 1843, Miiller discovered that 129 cases of typhus abdominalis (typhoid), 
and 21 deaths, which occurred in the garrison at Mayence, were produced by 
fecal matter passing into the drinking water, which had a disagreeable, putrid 
smell. In 1848, E. A. W. Richter published an account of an outbreak of 
the same kind which occurred in a school at Vienna, from the contents of a 
sewer passing into the drinking water.* In 1852, Dr Austin Flint} published 
the partictlars of a similar outbreak of typhoid fever at the hamlet of North 
Boston (Erie, U.S.) in 1843. 

In 1852-53, a severe outbreak of typhoid fever took place at Croydon, and 
was thoroughly investigated by many competent observers ; and it was shown 
by Dr Carpenter of Croydon that it was partly, at any rate, spread by the 
pollution of the drinking water from the contents of cesspool. 

In’ 1856, Dr Routh} published a casein which the evacuations of a typhoid 
patient were thrown into a closet, the pipe of which passed directly into the 
cistern of the drinking water, in a well-ventilated house at Hastings. No 
less than eight persons were affected with more or less typhoidal symptoms ; 
many of these had not been brought into any personal contact with the sick 
‘person. 

In 1859, Dr W. Budd§ published two very conclusive cases, in which well 
water was contaminated by sewage. 








* All these cases are related by ae in his excellent work ‘‘ Der Kreigs und Friedens- 
, 1850, pp. 44-58. 
= Clinical’ Reports on Continued Fever. By Austin Flint, M.D. Buffalo, 1852, p. 380. 
+ Fecal Fermentation as a Cause of Disease. Pamphlet. Lond. 1056, p. 34 
§ Lancet, Oct, 29, 1859, p. 482. ; 
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There is no satisfactory evidence that typhoid stools had been in the sewage 
matter, but their presence is not excluded. I learn, from personal communi- 
cation with Dr Budd, that he has long been convinced of the occasional pro- 
pagation of typhoid fever in this way. 

In 1860, an outbreak of typhoid fever occurred at the Convent of Sisters 
of Charity at Munich. 31 persons out of 120 were attacked between the 15th 
September and the 4th of October, with severe illness, and 14 of these cases 
were true typhoid; 4 died. The cause was traced to wells impregnated with 
much organic matter (and among other things typhoid dejections), and con- 
taining nitrates and lime. On the cessation of the use of this water, the fever 
ceased, * 

The propagation of typhoid fever in Bedford would certainly appear, from 
Mr Simon’s report,f to have keen partly through the medium of the water. 

Dr Schmitt t has for several years paid particular attention to this point, 
and in 1861 published several very striking cases. 

A case bearing on the same point was brought before the Metropolitan 
Officers of Health in 1862,§ by Mr Wilkinson of Sydenham. In this case 
the water was contaminated by absorption of sewer gases. 

In 1862, a very sudden and severe outbreak of typhoid in a barrack at 
Munich was traced to water impregnated with fecal matter ; on ceasing to use 
the watcr, the disease disappeared.|| In 1865 a very remarkable outbreak 
of typhoid occurred at Ratho, in Scotland, and was traced to drinking water 
contuminated with sewage.{1 In 1866 typhoid fever broke out in a girls’ 
school at Bishopstoke, near Southampton, and was traced unequivocally to 
the bursting of a sewer pipe into the well, The water was disagreeable both 
to smell and taste. 17 or 18 persons were affected out of 26 or 28. Several 
very striking instances are recorded in Mr Simon’s Reports by Drs Seaton, 
Buchanan, and Thorne,** and in some of these cases analyses of the water were 
made, which showed it to be impure, and to contain organic sewage, or its 
derivatives. A very good case, at the Garnkirk works in Glasgow, is recorded 
by Dr Perry.tt Dr De Renzy, the Sanitary Commissioner of the Punjab, has 
also published a remarkable paper on the extinction of typhoid fever 
in Millbank prison, and shows, from the statistics of many years, that the 
fever has entircly disappeared since the use of Thames water was given up; 
the disappearance was coincident with the change in the water supply. Two 


* Edinburgh Medical Journal, Jan. 1862, p. 1158. See also Gietl, Die Ursachen des Enter. 
Typhus in Munchen, 1865, p. 58. 

i, ina Report ere spa i yas o. the cone Council, 1860. 

ourn, de Med. de Bruxelles, Sept. 1; and Canstatt’s Jahresb. for iv. pp. 
182, 183. See the 2d edition of this work for a short account of them. a a 

§ retinas cal gous rh yr ti 

{| Gietl, Die Ursachen des Ent. phus in Miinchen, 1865, p. 62. In this j 
much evidence to show the propagation of typhoid:by foul water ind by deficient pecateeciact 
for removal of excreta, as well as many instances of the carrying of the disease from place to 
place, analogous to those narrated by Bretonneau many years ago. 

{ Edin. Med. Journ. Dec. 1865. In this case a groom came to the house ill with typhoid 
from Dundee, and thus introduced the disease. This fact was communicated to me by a rela- 
tion as oe owner pias ee 

* Dr Seaton’s Report on Tottenham (Report of Medical Officer to the Privy © i 
1966, p. 216). Dr Buchanan on Guildford (Ibid. for 1867, p. 84); Dr Thonds Renot 
hives (Ibid. p. 41); Dr. Buchanan’s Report on Wicken-Bonant (12th Report, p. 72). In all 
these instances the evidence reaches the highest degree of probability, and in the cases of 
Guildford and Wicken-Bonant of almost absolute certainty. See also Report on Sherborne by 
Dr Blaxall ; on Caius Colloge, Cambridge, by Dr Buchanan (both in No. ii. new series) ; on Lewes 
by Dr Thorne (No. iv. new series) ; also the case of Over-Darwen (Sanitary Record, 1875) : case 
grven by. a puller janet oe pated i npsoct le Reports on Bangalore (Arm en 

8, vol. xiii. p. 208). Geissler also quo m Hagler a very stron urri 
Schmidt's Jahrb. 1874, No. 2 p. 185)." Bere een are ee ne 
++ Lancet, June 1868, 
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excellent cases are recorded by Dr Clifford Allbutt* and one by Dr Woblrab, 
which are free from ambiguity.t A very good case is recorded by Dr Latham. t 
Typhoid was introduced into a village and spread by the agency of 
contaminated drinking water.§ 

That water may be the medium of propagating typhoid thus seems to be 
‘ proved by sufficient evidence; and it has been admitted by men who have 
paid special attention to this subject, as Jenner, W. Budd, and Simon. It 
does not seem unlikely, indeed, that this mode of spreading will be found to 
be far more common than is supposed.|| 

Two questions arise in connection with this subject— 

1. As typhoid fever undoubtedly spreads also through the air, What is the 
proportion of cases disseminated by water, as compared with those disseminated 
by air? No answer can yet be given to this question.{] 

There is one point of some interest. When the dates of attack are given, 
it is curious to observe how short the incubative period appears to be; while 
it is probable that it takes many days (8 to 14) after the typhoid poison has 
entered with the air before the early malaise comes on, in some of the cases 
of typhoid brought on by water, two or three days only elapse before 
the symptoms are marked.** 

A very large number also of the susceptible persons who drink the water 
are affected. 

2. Will decomposing sewage in water produce typhoid fever, or must the 
evacuations of a typhoid patient pass in? This is part of the larger question 
of the origin and propagation of specific poisons. It is certainly remarkable, 
in the range of cases recorded by Schmitt, how uniformly the possibility of 
the passage of typhoid stools is disregarded. Everything is attributed to fucal 
matters merely. A case recorded by Dr Downes,t} in which six cases of 
typhoid resulted from the overflow of non-typhoid sewage into a well, supports 
this view. On the other hand, in the cases recorded by Allbutt and Wohlrab 
already referred to, contaminated water had been used for some time without 
producing typhoid fever. Persons affected with typhoid enteric fever then 
entering the place, their discharges passed into the drinking water, and 
then an outbreak of typhoid followed. An extremely strong case is given 
by Ballard.t{ Very polluted water had been used for years by the inhabitants 
of the village of Nunney without causing fever, when a person with enteric 
fever came from a distance to the village, and the excreta from this person 


a ee a we: 


* See my Report on Hygiene, Army Med. Dept. Blue Book, 1860. p. 23. 

*+ Archiv. der Heilk. vol. xii. p. 184 (1871). 

+ Lancet, July 15, 1871. 

A remarkable case is reported by Dr Zuckschwerdt occurring in the orphan asylum at Halle 
in 1871. Also by Dr Burkart at Stuttgart, at Reinhartsdorf in Switzerland and at Schandau, 
all distinctly traceable to impure water. (Schmidt's ‘“Jahrbiicher” 1874.) 
ie eee from - analysis of 1300’cases cites evidence of water carriage (Schmidt’s Jahrb. 

7 3 0. 3 e 19 )e 

Mr Simon in his 2d Report, new series, gives a table of 146 outbreaks investigated hy his 
Officers in 1870-3 (4 years), in all of which great excremental pollution of air or water, or 
generally of both, was found. 

** Dr. W Budd says, in a letter to me“ In the cases in which the poison is conveyed by 
Water, infection seems to be much more certain ; and I have reason to think that the | gglaay of 
incubation is materially shortened. An illustration of this seems to be furnished by the 
memorable outbreak which occured at Cowbridge some years ago, and which presented this 
nnexampled fact : that out of*some 90 or 100 persons who went toa race ball at the triage 
Inn there, more than one-third were within a short time laid up with fever. In this case 
there was satisfactory reason to think that the water was contaminated, though there was no 
chemical examination.” In the attack at Guildford, however, the incubative period was not 
shortened, as Dr Buchanan calculates it at 11 days. 

++ Lancet, 27th April, 1872. 
att Report to the Local Government Board on an outbreak of enteric fever at Nunney, Sept. 
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were washed into the stream supplying the village. Between June and 
October 1872, no less than 76 cases occurred out of a population of 832 
persons. All those attacked drank the stream water habitually or occasionally. 
All who used filtered rain or well water escaped, except one family who used 
the water of a well only 4 or 5 yards from the brook. The case seems quite 
‘clear—first, that the water caused the disease; and secondly, that though 
polluted with excrement for years, no enteric fever appeared until an imported 
case introduced the virus. Positive evidence of this kind seems conclusive, 
and I think we may now safely believe that the presence of typhoid evacua- 
tions in the water is necessary. Common fecal matter may produce diarrhcea, 
which may perhaps be febrile,* but for the production of enteric fever the 
specific agent must be present. The opinion that the stools of typhoid are 
the especial carriers of the poison was first, I believe, explicitly stated by 
Canstatt, and has been also ably argued by W. Budd. 


Cholera, 


Few of the carlier investigators of cholera appear to have imagined that the 
specific poison might find entrance by the means of drinking water. There 
is an intimation of the kind in a remark by Dr Muller ;{ and Jameson, in the 
Bengal Report of 1820, alludes to the effect of impure water, but in a 
cursory way. 

In 1849 the late Dr Snow, in investigating some circumscribed outbreaks 
of cholera in Horsleydown, Wandsworth, and other places, came to the con- 
clusion that, in these instances, the disease arose from cholera evacuations 
finding their way into the drinking water: Judging from the light of sub- 
sequent experience, it now seems extremely probable that this was the case, 
and to Dr Snow must certainly be attributed the very great merit of discover- 
ing this most important fact. At first, certainly, the evidence was defective,§ 
but gradually fresh instances were collected, and in 1854 occurred the 
celebrated instance of the Broad Street pump in London, which was investi- 
gated by a committee, whose report, drawn up by Mr John Marshall, of 
University College, with great logical power, contains the most convincing 
evidence that, in that instance, at any rate, the poison of cholera found its 
way into the body through the drinking water.|| 

In 1855 Dr Snow published a second edition of his book, giving aon 





* A good instance is given by Mr R. Bond-Moore (London Medical Record, May 27, 1874, 
page 327) as ocvurring at Sedgley Park schoo]. Two years previously the water supply became 
contaminated with ordinary sewage, but no typhoid fever resulted, although there was 
diarrhoea, sickness, great languor, and great prostration. The leaking drain was repaired 
and the attack ceased. Two years after, typhoid was introduced by one of the boys and spread, 
apparently by the use of the closets. 

‘‘Wahrscheinlich sind die Exhalationen des Krankes, seine Excremente, vielleicht die 
pntees Aftergebilde im Darme, die Triiger des Contagiums.”—Canstatt, Spec. Path. und 
Ther. 2d edit. band ii. p. 572 (1847). 

{ EHinige Bemerkungen iiber die Asiat. Cholera. Hanover, 1848, p. 36. 

§ There seemed at once an a priori argument adverse to this view, as, at that time, all 
evidence was against the idea of cholera evacuations being capable of causing the disease, 
‘They had been tasted and drunk (in 18382) by men, and been given to animals, without effect. 
Persons inoculated themselves in dissections constantly, and bathed their hands in the fluids 
of the intestines ; in India the pariahs who remove excreta, and everywhere the washerwomen 
who washed the clothes of the sick, did not especially suffer. Amd to these arguments must 
be added the undoubted fact, that there were serious deficiencies of evidence in Dr Snow’s 
eae — ine review by the author in the British and Foreign Medical Chirurgical Re- 

w, Api : 

{| Report on the Cholera Outbreak in St James’s Westminster, in 1854. London, Churchill, 
1855. Every point is discussed in this report with a candour and precision which leaves 
nothing to be desired. For further evidence on this outbreak, see Indian Sanitary Report : 
evidence of Dr Dundas Thomson, p. 272, 
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account of all the cases hitherto known, and adding some evidence also as to 
the introduction in this way of other specific poisons.* 

The facts, at present, may be briefly summed up as follow :— 

1. Local outbreaks, in which contamination of the drinking water was 
either proved or in which the evidence of the origin and succession of cases 
seemed to make it certain that the cause was in the drinking water. In 
England, Dr Snow and others have thus recorded cases occurring in 1849 and 
1854 at Horsleydown, Broad Street, Wandsworth, West Ham, &c. In 1865 
the important outbreak at Newcastle-on-Tyne,¢ when all the circumstances 
pointed very strongly to the influence of the impure Tyne water. In 1865 
occurred the remarkable and undoubted case of water poisoning at Theydon 
Bois, recorded by Mr Radcliffe, t and in the following year the violent outbreak 
in the East of London was supposed to be connected with the circulation of 
impure water by the East London Water Works Company. Much discussion 
has taken place as to the real influence of the impure water which it is admitted 
on all hands was used. Mr Radcliffe§ and Dr Farr|| have collected the 
evidence in favour of the opinion that the sudden outburst was really owing 
to this water; whilo Dr Letheby and some others have expressed doubts on 
this point, chiefly on account of the difficulty of reconciling with the hypothesis 
certain exceptional cases both of immunity and of attack. To me the evi- 
dence in favour of the water being the cause appears extremely strong, and 
far greater difficulty arises if that view is not received than is caused by the 
exceptional cases referred to, and of which we may not know all the particu- 
lars. In the same year (1866) an apparently unequivocal case of production 
of cholera by the drinking water of a tank on board a steamer occurred 
at Southampton, and I have recorded the particulars in the Report of the 
Medical Officer to the Privy Council for 1866.9 

A very striking case at Utrecht is noticed by Snellen, and is given by Dr 
Ballot, of Rotterdam, who has adduced much strong evidence on the influence 
of the foul water in Holland in spreading cholera.** 

During the epidemic in 1866, except in the East London case, no such 
Striking instances of local outbreak from water contamination were recorded 
asin 1849, but there were in some parts, and especially in Scotland, as noticed 
by Dr Stevenson Macadam,tf very striking coincidences between the abate- 
ment of the disease and the introduction of a fresh and pure supply. 

In Germany choleraic water-poisoning has not only been less noticed, but 
the great authority of Pettenkofer is against its occurrence. At Munich, 
Pettenkofer{{ could find no evidence whatever in favour of the spread by 
water; and Giinther, in his careful work on Cholera in Saxony,§§ asserts that 


* On the mode of Communication of Cholera. By John Snow, M.D. London, Churchill, 
2d edition, 1855. 

+ For full particulars, see Dr Farr’s Report on Cholera in England, 1866, p. 33. 

; Report of the Medical Officer to the Privy Council for 1865 (Eighth Report), p. 438. 

Report of the Medical Officer to the Privy Council for 1866, p. 266. 

| Report on the Cholera Epidemic of 1866 in England. Supplement to the 29th Annual 
Report of the Registrar-General, 1868. 

Report of Medical Officer to Privy Council for,1866, p. 244. In this case the water was 
foul tasted, and was certainly contaminated with sewage. 

** Medical Times and Gazette, May 1869. Thus it was found that those who drank the, 
water of the Polders (reclaimed lands) died at the rate of 17°7 per 1000; those who drank the 
well-water, 16-8 per 1000; those who drank river-water 11°9 per 1000 ; those who drank rain- 
water filtered, only 5°3 per 1000. The city of Amsterdam itself, supplied by an aqueduct 
with rain-water from the downs near Haarlem had only 4 per 1000. In Rotterlam during 
the epidemic the vate fell to one-half immediately on pure water being supplied in the 
streets. (See paper by J. C. J aeger.) 

Transactions of the Royal Scottish Society of Arts, vol. vii. p. 341 (1867). 

tf Zeitsch, fiir Biol., band i. p. 853. 

$3 Die Indische Gholera in Sachsen im Jahre. 1865, p. 125. ° 
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no influence whatever was exerted by drinking water. No evidence could be 
obtained either in Baden or in villages near Vienna.* And as in all cases the 
observers were not only quite competent, but were fully cognizant of the 
‘opinions held in England, this negative evidence is of great weight. At the 
same time, it cannot be allowed to outweigh the English cases, and, moreover, 
even in Germany some positive evidence has been lately given. Dr Richter} 
attributes a preponderant influence in a local outbreak among the workmen of 
a sugar-manufactory to the pollution of the drinking water by sewage; and a 
still more striking case is recorded by Dr Dinger,t in which the discharges of 
a cholera patient passed into a brook, in which also the clothes were washed ; 
the water of this brook being used for drinking, there was a sudden and very 
fatal outbreak affecting the persons who took the water. 

In India the evidence for*cholera water poisoning is at present hecome very 
strong. The great cholera outbreak of 1860 and 1861 was attributed by some 
medical officers to the defilement of the tank water “into which the general 
ordure of the natives is washed during the rainy scason ;” § and still more re- 
cently, what appears to be a striking instance has occurred. No one can read 
the able account given by Dr Cuningham and Dr Cutliffe in the Bengal 
Report for 1867|| of the appearance of cholera among the vast crowd 
of pilgrims after the great bathing day at Hurdwar, without coming to the 
conclusion that it was a case of water poisoning on a gigantic scale.q] 

That in India the cholera poison is often carried by water appears probable, 
not only from the Hurdwar outbreak, but from the very sudden and violent 
outbreaks and the great sewage contamination in the water of many 
districts.** 

In Central India Dr Townsend has given strong reasons for believing that 
the cholera of 1868-9 was, to a large extent, dependent on water-fouling. 
(See Report on Cholera in the Central Provinces.) Dr Macnamara (on Asiatic 
Cholera, 1870) has given some good evidence on the same side (see pp. 328, 
et seg.), and Dr Cleghorn (Indian Medical Gazette, March 1872) has noted 
some striking proofs of the same fact.tf 

So also in other countrics; the attack which caused such losses to 
the French Division in the Dobrudscha in 1855, when the wells were sup- 
posed to be poisoned, and to the English cavalry at Devna,tt the water was 
apparently the means of carrying the disease. 

In evidence of this kind we must remember that each successive instance 
adds more and more weight to the instances previously observed, until, from 


* Volz and Witlacil, quoted by Hirsch in Jahresb. der gen. Med. for 1867, band ii. p. 221, 
+ Archiv der Heilk, 1867, p. 472 t Ibid. 1867, p. 84. 

§ M‘William, Epidem. Society Trans. vol. i, p. 274. 
Heer of the Sanitary Commissioners with the Government of India for 1867. Calcutt 


me Dr. J. M. Cuningham has, however, since renounced the theory of the water carriage of 
cholera. 

** Vide Report'on the Sanitary Administration of the Punjaub for 1867, and subsequent 
years, by A. C. C. De Renzy, Esq. (Cases of Peshawur and Amritzur.) 

++ See also the remarkable case of the Yerranda gaol, reported by Su on-Major H. Blanc. 
Out of 1279 prisoners there were 24 cases of cholera in 5 days, with 8 deaths. Of those 22 cases 
occurred among 184 prisoners employed as a road-gang, and only 2 among all the others 
variously employed. It was shown that the road-gang alone drayk of water from the Mootla 
River, a little below agi i where the clothes of two cholera patients from the village had 
been washed and their es burnt a few days before. The rest of the prisoners drank the 
usual water supply Jaid on from a Jake near Poonah, In the two cases among those otherwise 
employed direct infection was undoubted in one, as he attended on cholera patients, and, con- 
trary to orders, took his meals in the cholera ward, and drank water that had been standing 
there. ; the other man slept near one of the first cases, the patient vomiting in his immediate 
vicinity. . 

tt I derive this information from a MS. essay of Dr Cattell. € 
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the mere accumulation of cases, the cogenty of the argument becomes 
irresistible, 

2. The evidence derived from such local outbreaks is supported by that 
drawn from the history of more general attacks, in which districts supplied 
with impure water by a water company have suffered greatly, while other 
districts in the same locality, and presenting otherwise the same conditions, 
were supplied with pure water, and suffered very little. Thus the Registrar- 
General has shown that the districts supplied in 1853, part by the Lambeth 
Company with a pure water, and part by the Southwark Company with an 
impure water, suffered much less than the districts supplied by the latter 
company alone (the proportion was 61 and 94 cases respectively to 100,000 
of population). Schiefferdecker, in K6nigsberg, has also given evidence to 
show the different extent in which districts in the same city supplicd with 
pure and impure water suffer.* 

In Berlin, in 1866, in the houses supplied with good water the number of 
houses in which cholera occurred was 36°6 per cent. ; in the houses with bad 
water was 52°3 per cent. 

3. Additional arguments can be drawn from instances in which towns 
which could not have had water contaminated with sewage have escaped, and 
instances in which towns which have suffered severely in one epidemic have 
escaped a later one, the only difference being that, in the interval, the supply 
of water was improved. Exeter, Hull, Newcastle-on-Tyne, Glasgow, and 
Moscow are instances of this. Two very good cases are related by Dr Acland. { 
The parish of St Clement was supplied in 1832 with filthy water from a 
sewer-receiving stream. In 1849 and 1854 the water was from a purer source, 
In the first year, the cholera mortality was great; in the last years, in- 
significant. Two jails were near each other; the one suffered, the other did 
not ; the water was impure in one case from drainage, pure in the other. The 
jail with bad water having got a fresh supply, the cholera did not appear in 
the next epidemic. In Copenhagen a fresh water supply was introduced in 
1859. Although cholera had prevailed very severely there previously, in 
1865 and 1866 there were only very few cases. The future must show if 
this exemption was owing to the purer water.§ In Haarlem, in Holland, 
cholera prevailed in great intensity in 1849. In 1866 it returned, and again 
prevailed as severely in all parts of the town except one. The part entirely 
exempted in the second epidemic was inhabited by bleachers, who, betwecn 
1849 and 1866, had obtained a fresh source of pure water.|| 

In looking back, with this new reading of facts, it would seem that some 
older reported cases of sudden cessation of cholera can be explained, such as 
the case of Breslau, in 1832, when the shutting up of a pump was followed 
by the very rapid decline of the disease. Doubtless, however, in other cases 
the causes of the cessation are different; heavy rain, by cleansing air and 
sewers, and by stopping the evolution of effluvia, will sometimes as suddenly 
arrest cholera. Most important evidence is given by Professor Forster of 
Breslau (Die Verbreitung der Cholera durch die Brunnen, Breslau, 1873). 
He shows that five towns of Silesia (of 5000 to 12,000 inhabitants) are 
entirely free from cholera, which never spreads, even when introduced. The 
only common condition is a water supply from a distance which cannot be 
contaminated. In Glogau (13,000) half the water is from a distance and half 





* See Report on Hygiene, Army Med. Dept. Report, vol. xii. p. 241. 
+ Die Kenslisation von Berlin, 1868. x +i 
Cholera in Oxford in 1854, by H. W. Acland, M.D., p. 51. 
Hornemann in Virchow’s Archiv, nites” p. 156. 


| Ballet, British Med. Journal, April 
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remain free, those using the latter are 
becoming contaminated, eleven 
erg used formerly 
does not suffer ; 


from wells: those using the former 
attacked. In one case in Breslau, on a well ada 
persons were immediately attacked. Dantzig and Kénigs 
to suffer equally: Dantzig, having a new water-supply, 
Kénigsberg, with its original supply, continues to do so. 

So also other curious facts in the history of cholera become explicable. 
The prevalence of cholera in Russia, with an out-door temperature below zero 
of Fahr., has always seemed an extraordinary circumstance, and it appeared. 
only possible to explain by supposing that, in the houses, the foul air and the 
artificial temperature must have given the poison its necessary conditions of 
development. But Dr Routh has pointed out} that, in the poorer Russian 
houses, everthing is thrown out round the dwellings ; then owing to the cold, 
and the expense of bringing drinking water from a distance, the inhabitants 
content themselves with taking the snow near their houses and melting it. It 
is thus easy to conceive that, if cholera evacuations are thus thrown out, they 
may be again taken into the body. This is all the more likely, as cholera 
stools have little smell or taste, and, when mixed even in large quantity with 
water, are indetectable by the senses. 

We may therefore conclude that the cholera evacuations, either at once or 
after undergoing some special fermentative or transformation change, pass into 
drinking water or float about in the atmosphere. In either case they are re- 
ceived into the mouth and swallowed, and produce their effects directly on 
the mucous membrane, or are absorbed into the blood. The relative frequency 
of each occurrence, the incubative period, and the severity of the disease pro- 
duced, are points still uncertain. 

C. Macnamara states (“Asiatic Cholera,” p. 330) that the dangerous period is 
when the water into which cholera stools are passed is swarming with 
vibriones, and that when ciliated infusoria appear danger is over. He speaks 
strongly on this point, and from actual experience. 

In addition to the production of cholera from drinking water containing the 
cholera stools, it has been supposed that the use of impure water of any kind, 
predisposes to cholera, though it cannot absolutely produce the disease. Tha 
facts already quoted on the influence of the Lambeth water seem to support 
this view; but some Gorman evidence in 1866 does not favour it.{ If the 
water acts in this way, it can only be by causing a constant tendency! 
to diarrhoea, or by carrying into the alimentary canal organic matter which 
may be thrown into special chemical changes by a small quantity of cholera 
poison, which has been introduced with air or food and swallowed. 


Yellow Fever. 


As, like dysentery, typhoid fever, and cholera, the alimentary mucous 
membrane is primarily affected in yellow fever, there is an @ priort proba- 
bility that the cause is swallowed also in this case, and that it may possibly 
raul as the drinking water. But no good evidence has been yet brought 

orward., 

Boudin § quotes a case from Rochard in which a French frigate (in 1778) 
took in water at San Jago, where yellow fever prevailed. Some days after- 





* In India also similar results are found. Cullen cites the case of Hurda, rendered free from 
cholera by improved conditions of water supply. Payne reports that the new water supply of 
Calcutta has the strongest effect in diminishing<the mortality from cholera. See also the 
Report on the Cholera in America in 1878, for caseseof water age. 

+ Faecal Fermentation, p. 24. 

See Report on Hygiene, mg A Medical Dept. Report, vol, vii. p. 352. 
Traité de Geog. et de Stat. Med. 1858, t. Pp 1d. 
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wards yellow fever broke out with such violence, that two-thirds of the crew 
were attacked. ‘And the proof that the only cause was the water,” says 
Rochard, “was that the persons living with the captain had with them jars 
filled with water from Europe, and all escaped.” Boudin very properly 
observes, that this evidence is very defective; but yet we must remember 
how completely the propagation of marsh and typhoid fevers, and of cholera 
by water, has been overlooked, and how exactly this sudden and extensive 
attack resembles the case of the Argo. 

The Barrack Commissioners have also directed attention to the fact of the 
great impurity of the water at Gibraltar at the time of the yellow fever 
epidemic. 

The other Zymotve Diseases. 


t 

No decided evidence has yet been given that any other of the specific 
diseases are propagated in this way, but Dr Macadam has brought some evi- 
dence to show that erysipelas and throat ulcer may have a water origin,* and 
Dr Menzies has stated that, in Naples, cases of (Edinburgh Med. and Sur. 
Journal, Sept. 1872) diphtheria occurred, which he thinks were caused by 
contaminated water. The evidence is not, however, at present sufficient to 
prove this, 


4, DISEASES OF THE SKIN, AND SUBCUTANEOUS TISSUES. 


A curious endemic of boils occurred in the vicinity of Frankfort in 1848. 
It was confined to a small number of persons, and presented favourable 
opportunities for investigation. An elaborate inquiry was made by Dr 
Clemens,+ which certainly seems to indicate that the complaint was caused 
by drinking water containing sulphuretted hydrogen gas, which was set free 
in some large chemical works, and was washed down by the rains into the 
brooks from which drinking water was derived. The case is most elaborately 
and logically argued, but it certainly seems remarkable that other instances of 
the same kind should not have been observed, especially as in some trades 
there is disengagement of large quantities of SH, into the atmosphere, and as 
the drinking of sulphuretted springs is so common. 

The peculiar forms of boil or ulcer common in many cities in the East have 
been in some cases referred to the water. The Aleppo evil, the Damascus 
ulcer, and some other diseases of an analogous kind, which have the peculiarity 
of occurring only once in life, are possibly more connected with the true con- 
tagions; but the unhealthy boils or ulcers so common in India, especially in 
the north-west and along the frontier, are probably connected with bad water. 
The so-called Delhi boil has much decreased in frequency since the waters of 
the Jumna were used instead of the impure well water,{ but, on the other 
hand, Fleming’s observations have thrown doubt on the fact of the water being 
to blame.§ With regard to the frontier ulcers in India, Dr Alcock (35th 
Regt.) has given some curious evidence, which seems to connect them with 
vegetable detritus and the evolution of sulphuretted hydrogen. oO 

The elephantiasis of the Arabs (the so-called Barbadoes leg or Pachydermia) 





* Trans. of the Royal Scottish Society of Arts, 1867. 

+ Henle’s Zeitschrift fiir Nat. Med. 1849, vol. viii, p. 215. 

+ See Annual Report of San. Com. with the Government of India for 1867, p. 178 (1868). 
Some excellent analyses of the Delhi waters are given by Dr Sheppard ; vide Dr Macnainara s 
sare Third Reports of the analyses of potable waters in the Bengal Presidency. Cal- 
cutta, ; 

§ The later observations of Drs D. Cunningham and T. Lewis have tended, on the other hand, 
ta wa reanthn of F)- mine and to ghow th t tha water ia nroheably to blame, 
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has been ascribed to organic impurities in water, but on no very stringent 
evidence, 
5. DISEASES OF THE BONES. 


° ° ° ° e b er 
Water, impregnated with sulphurous acid, gives rise in cattle to a num 
of serious pa among rice to diseases of the bones. The i pa 
acid evolved from the copper works at Swansea has caused numerous ac ne 
on account of the loss of herbage and cattle. Rossignol* states that water 
highly charged with calcium carbonate and sulphate was found to give rise to 
exostoses in horses; pure water being given, the bones ceased to be diseased. 
Hard water is said to make horses’ coats rough. , 


e 6. CALCULL 


It has long been a popular opinion that drinking lime waters gives rise to 
calculi (calcium phosphate and oxalate). Several medical writers have held 
the same opinion, and have adduced individual instances of calculi 
(phosphatic?) being apparently caused by hard waters, and cured by the uso 
of soft or distilled water. On a large scale, statistical evidence is, as far as I 
know, wanting. The excess of cases of calculi in Norwich and Norfolk 
generally is not, in Dr Richardson’s opinion, attributable to the water.t Dr 
J. Murray, of Newcastle, has lately given some evidence to show'a connection 
between the lime waters and calculi, especially phosphatic, but it does not 
appear to be more convincing than that previously adduced. 

At Canton stone is common, while at Amoy, Shanghai, Ningpo, and other 
places, it is not met with. The cause of the difference is not known, but it is 
not chalk water, as the Chinese always drink boiled water.§ 

Professor Gamgee, however, states that sheep are particularly affected by 
calculus in the limestone districts, 


7. GOITRE. 


The opinion that impure drinking water is the cause of goitre is as old as 
Hippocrates and Aristotle, and has been held by the majority of physicians. 
The opinion may be said actually to have been put to the test of experiment, 
since both in France and Italy the drinking of certain waters has been resorted 
to, and apparently with success, for the purpose of producing goitre, and 
thereby gaining exemption from military conscription.|| And this is supported 
by the evidence of Bally, Coindet, and by many of the French army surgeons, 
who have seen goitre produced even in a few days (8 or 10) by the use of 
certain waters.{1 While, conversely, Johnston saw goitre, which was common 
in a jail, disappear when a pure water was used.** Apart from this, the evi- 
dence for the causation by water is extremely strong, many cases being 
recorded where, in the same village, and under the same conditions of locality 
and social life, those who drank a particular water suffered, while those who 





* Traité d’Hygitne Militaire, 1857, p. 357. 
+ Med. History of England ; Medical Times and Gazette, 1864, p. 100. 
British Medical Journal, September 1872. 
Dr Wang in Chinese Customs cl oe for 1870, p. 71. ¢ 
{| Among other evidence on this point, the late work of M. Saint-Leger (Sur les causes du 
Cretinisme et du Goitre endémique, Paris, 1867) may be cited p 191, e¢ seg.), a8 he appears to 
have carefully looked into the evidence. See also Baillarger (Comptes Rendus de l’Acad. t. 
lv. p. 475), who also states, though this has been denied by Rey, that horses and mules 
become affected from drinking the water of the Isére. 
7 dag poor of Practical Medicine, vol. i, art. Bronchocele, p. 826. 
#* Edin, Monthly Journal, May 1855. 
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did not do so escaped.*° The latest author who has written on this subject, 
and who has accumulated an immense amount of evidence, M. Saint-Lager, 
expresses himself very confidently on the point. 
The impurity in the water which causes goitre is not yet precisely known. 
It is certainly not owing to the want of iodine, as stated by Chatin, and there 
is little probability of its being caused by organic matters, by fluorine, or by 
silica. On the other hand, the coincidence of goitre with sedimentous water 
is very frequent. Since the elaborate geological inquiries of M. Granget 
and the analyses of the waters of the Isére, magnesian salts in some form have 
been often considered to be the cause, to which many add lime salts also ; and 
certainly the evidence that the waters of goitrous places is derived from lime- 
stone and dolomitic rocks, or from serpentine in the granitic and metamorphic 
regions, is very strong. The investigations now include the Alps, Pyrenees, 
Dauphiné, some parts of Russia, Brazil, and districts in Oude in North-West 
India. A table compiled from Dr M‘Clellan’s work} is very striking :— 


Gottre and Cretinism in Kumaon (Oude). 


Percentage of Population affected. 


Water derived from ge ee ee pe ee eee 
With Goitre. With Cretinism. 


ee 


Granite and gneiss, . . .. . 0:2 
Mica, slate, and hornblende, . . 0 


Clay slate. . ... . . 0°54 
Green sandstone, . .... . 0 
Limestone rocks . .... . 33 





There are, however, not wanting analyses of water of goitrous regions 
which show that magnesia may be absent (in Rheims, according to Maumené ; 
in Auvergne, according to Bertrand ; in Lombardy, according to Demortain ; 
while Saint-Lager enumerates other cases), while it has been also denied that 
there need be any excess of lime. M. Saint-Lager, basing his opinion partly 
on these negative instances, partly from his own experiments with the soap- 
test, which show no relation between hardness of water and goitre, and partly 
from the negative results of experiments on animals with calcium sulphate 
and magnesian salts,j denies altogether the connection between goitre and 
calcium and magnesium sulphates and carbonates. He states also that M. 
Grange has now himself given up the belief of magnesia being the essential 
agent of goitre,§ and argues that the constituent of the water which is the 
actual cause is either iron pyrites (ferrum sulphide), or more infrequently 
copper or some other metallic sulphide, And he explains M‘Clellan’s results 
by the supposition, based on an expression of that writer, that in the limestone 
districts of Kumaon the water had traversed the metalliferous strata of the 
rocks. Saint-Lager does not, as far as I see, support his opinion by actual 
chemical analyses, but he brings forward geological evidence on a large scale, 
to prove that the endemic appearance of goitre coincides with the metalliferous 
districts. He has also made experiments on animals with iron salts, which 
do not appear conclusive, though he believes he produced in some cases an 
effect on the thyroid. ° His hypothesis seems to me to fail from this want of 





* Saint-Lager (op. cit.) cites several strong cases (p. 192 e¢ seq.). 
+ Ann. de Chimie et de Phys., vol. xxiv. p. 
. $ Medical Topography of Bengal. I have included the facts on cretinism also, without 
desiring to express any opinion on the relation between goitre and cretinism. 
§ Sur les causeg du Cretin. et du Goitre, p..287. ‘ 
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chemical analysis. He has made out a case for inquiry rather than for con- 
clusion. It seems clear that while it may be admitted that impure water is 
the cause of goitre, there ought to be renewed chemical analyses, and it 
would not seem difficult to decide such a point by a properly conducted 
inquiry. 

inveci observations lately made by Dr Ferguson on the goitrous part of 
the Baree Doab district * (a boulder-gravel subsoil), the water is stated to be 
largely charged with lime. In the jail at Durham, Johnston} states that 
when the water contained 77 grains per gallon (chiefly of lime and magnesian 
salts), all the prisoners had swellings of the neck ; these disappeared when a 
purer water, containing 18 grains in the gallon, was obtained. { 

Goitre may be rapidly produced. Bally noticed that certain waters in 
Switzerland would cause it even in eight or ten days, and cases almost as 
rapid have occurred in other places.§ 


8, ENTOZOA, OR OTHER ANIMALS. 


Whereas the Tenia solium and the Tenia mediocanellata, and many 
entozoa, find their way into the body with the food,|| the two forms of the 
Bothriocephalus latus (T. lata) may pass in with the drinking water. Both 
embryo and eggs (but principally, or perhaps entirely, the former) exist in the 
river water. The ciliated embryo moves for several days very actively in 
water ; it may then, after a time lose its ciliary covering, and then, not being 
able to move further, perishes; or it may find its way into the body of some 
animal, and there develop into the Buthriocephalus latus. 

It is most common in the interior of Russia, Sweden, in part of Poland, 
and in Switzerland. 

Distoma hepaticum (Fasciola hepatica).—The eggs are developed in water, 
and the embryos swim about and live, so that introduction in this way for 
sheep is probable, and for men is possible. 

The Ascaris lumbricoides (Round-worm) appears also sometimes to enter 
the body by the drinking water. At Moulmein, in Burmah, during the wet 
season, and especially at the commencement, both natives and Europeans, 
both sexes and all ages, were, during my service thirty years ago, so affected 
by lumbrici that it was almost an epidemic.** The only circumstance 
common to all classes was that the drinking water, drawn chiefly from shallow 
wells, was greatly contaminated by the substances washed in by the floods of 
the excessive monsoon which prevails there. Dr Paterson has also noticed 
ria facts in England (Aitken’s “Practice of Medicine,” 6th edition, i. p. 
124). 

Leuckart++ has no doubt of the passage of the ascarides’ eggs into drinking 





* Sanitary Administration of the Punjab for 1871, Appendix 4, p. 33, 

+ Edin, Monthly Journal, May 18565. 

In Nottingham the people attribute Goitre to hardness of water. Generally it appears 
only with magnesium limestone. 

g none instances are recorded in the French Military Medical Journal, Recueil de Mém. de 
Méd. Mil., of the acute goitre produced in a few days, 

| Dr Oliver’s observations in India show that cattle may get tenia ova from the water ; 50 
that men may do the same. (See Aitken’s Med., 6th ed. vol. i. p. 179.) 

J See especially a paper by Dr Knock in the Peterburger Med. Zeitsch. for 1861. An ab- 
stract is given in the Lancet, Jan. 25, 1862; and the paper in full is printed in Virchow’'s 
Archiv, band xxiv. 458. Cobbold, however, doubts the direct entrance in this way, and thinks 
it more probable that fish form the hos¢ for the ova, which after development in the first, may 
find their way into the bodies of men who eat the fish. 

#* The native treatment is the powder of a fangus (Wah-mo), derived from the female bamboo. 
It is most useful. See paper by the author in the London Journal of Medicine, 1849, , 
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water; and, indeed, they have been actually seen in drinking water by 
Mosler.* But it seems yet doubtful (as all experiments have failed in pro- 
ducing from the drinking water the worms in animals) whether the eggs alone 
will suffice, and it seems possible that they must pass through some other 
host before developing in the human intestine, This is also the opinion of 
Cobbold. Mosler attributed in his case much influence to the large amount 
of vegetable food taken by the persons affected. 

The Dochmius duodenalis (Strongylus duodenalis, Anchylostomum seu 
Sclerostoma duodenale) would appear from Leuckart’s statementt to be 
introduced by impure water. { 

Filaria Dracunculus (Guinea-worm).—The introduction by water of the 
Filaria has long been a favourite opinion. It has been a matter of debate 
whether it is taken into the stomach as drink,*and thence finds its way (like 
the Trichina, to the muscles) into the subcutaneous cellular tissue, or whether 
it penetrates the skin during bathing or wading in streams. The latter 
opinion seems to be the most probable in the majority of cases.§ 

Boiling the water before drinking appears to have some preservative effect. || 
It is possible that the Filaria sanguinis hominis of Lewis may also be 
introduced by drinking water. 

Bilharzia hematobia.—From the observations of Griesinger, John Harley," 
and Cobbold, there seems no doubt that the embryos of this entozoon live in 
water, and the animal may be thus introduced probably by the medium of 
some other animal. Dr Batho doubts, however, this introduction by water, 
since the entozoon occurred in persons using rain water and pure mountain 
stream water. (“ Army Med. Rep.” vol. xii. p. 504.) 

Leeches.—Reference has already been made to the swallowing of small 
leeches, which fix on the pharynx, and in the posterior nares. Cleghorn 
(‘‘ Diseases of Minorca,” 1768, p. 38) noticed that coughs, nausea, and spit- 
ting of blood were thus caused. In a march of the French near Oran, in 
Algiers, more than 400 men were at one time in hospital from this cause. In 
some cases the repeated bleedings from the larynx have simulated hemoptysis 
and phthisis, and have produced anemia. A leech, once fixed, seldom falls 
off spontaneously. In India no accidents of this kind are on record, yet we 
must assume that they occasionally occur. 


9. LEAD, MEROURY, ARSENIO, COPPER, AND ZINC POISONING. 


It is only necessary to mention the fact of metals passing into the drinking 
water, either by trade refuse being poured into streams, or by the water dis- 
solving the metal as it flows through pipes or over metallic surfaces. (See 
page 15. 

In 1864 a factory at Basle discharged water containing arsenic into a pond, 
from which the ground and adjacent wells were contaminated, and severe 
illness in the persons who drank the well water was produced. (Roth and 
Lex, “ Milit. Gesundsheitpfi.” p. 41.) 





* Virchow’s Archiv, band xviii. p. 249. + Ibid. band ii. p. 455. 

t The importance of the discovery of Griesinger (Archiv fiir Phys. Heilk, 1854, p. 555), that 
the so-called widely spread Egyptian chlorosis, is caused by the Dochmius duodenalis, has 
hardly been sufficient) i fading Not only anwmia and liver diseases, but symptoms re- 
fe: to eee and hemorrhoids, are often also produced. And as similar facts have 
now been observed in Brasil, Arabia, and Madagascar, it seems impossible but that in India 
the formidable affections caused by the Dochmius should not be common. ; 

§ See Dr Aitken’s long and excellent chapter on this disease, in the first volume of his 
Practice of Medicine, 6th edition, f; 189, et. seq., fora discussion on the water and earth question. 

{| Greenhow in Indian Annals, 1856, p. 557. 

Med. Chix? Trans,, vol. xlvii. p. 65, and vol. lii. p. 379. 
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General Conclusions. 


1, An endemic of diarrhoea, in a community, is almost always owing either 
to impure air, impure water, or bad food. If it affects a number of persons 
suddenly, it is probably owing to one of the two last causes, and if it extends 
over many families, almost certainly to water. But as the cause of impurity 
may be transient, it is not always easy to find experimental proof. 

2. Diarrhoea or dysentery, constantly affecting a community, or returning 
periodically at certain ‘times of the year, is far more likely to be produced by 
bad water than by any other cause. 

3. A very sudden and localised outbreak, of either typhoid fever or 
cholera, is almost certainly owing to introduction of the poison by water. 

4, The same fact holds good in cases of malarious fever, and, especially if 
the cases are very grave, a possible introduction by water should be carefully 
inquired into. 

5. The introduction of the ova of certain entozoa by means of water is 
proved in some cases—is probable in others. ' 

6. Although it is not at present possible to assign to every impurity in water 
its exact share in the production of disease, or to prove the precise influence 
on the public health of water which is not extremely impure, it appears 
certain that the health of a community always improves when an abundant 
and pure water is given; and, apart from this actual evidence, we are entitled 
to conclude, from other considerations, that abundant and good water is a 
primary sanitary necessity. 


SECTION V. 
EXAMINATION OF WATER FOR HYGIENIC PURPOSES.* 


The analysis of water for hygienic purposes has for its object to ascertain 
whether the water contains any substances either suspended or dissolved which 
are likely to be hurtful. There are some substances which we know are not 
likely to do any harm, such as carbonate of sodium, calcium, and magnesium 
in small quantities. Others are at once viewed with suspicion as indicating 
an animal origin, and therefore being probably derived from habitations 
or decaying bodies. In other cases substances in themselves harmless, such as 
nitrates, nitrites, and ammonia, are suspicious from implying the co-existence 
of, or the previous contamination of the water by nitrogenous substances. 
The difficulties in the hygienic examination of water are not inconsiderable. 
A judgment must be generally come to from a collation of all the evidence, 
rather than from the results of one or two tests. } 


Collection. 


Great care must be taken that a fair samplet of the water is collected in per- 
fectly clean glass vessels (not in earthenware jars)—Winchester quarts are 
most convenient—which should be repeatedly washed out with some of the 
water to be examined. The bottle should be stoppered; a cork should be 





* Dr F. N. Macnamara has prepared for use in India ‘‘A Scheme for the Analysis of Potable 
Waters.” It is an admirable scheme, and I have made use of some parts of it. 

+ Boxes containing teste and apparatus sufficient to carry out the analyses recommended in 
this book are sold by Messrs Savory and Moore, New Bond Street, London, and by Messrs 
Griffin & Sons, Garrick Street, Covent Garden. 

t Thus, in ta water from a stream or lake, the bottle ought to be plunged below the 
surface pnb ? an In apie, bre & pipe, micas of aon to be feels va bate | 
first, to of any impurity in the pipe. In judging of a town supply, samples 
be cbtained direct from the aan Age well as from the houses. e. 
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avoided, except in great emergency; but if used it should be quite new, well 
sealed, and tied down.* | 


Examination. 


For a complete investigation at least a gallon is necessary, but with a litra 
or a couple of pints a pretty good examination can be made. The examina- 
tion ought to be undertaken as soon after collection as possible, say in 48 
hours (Wanklyn). Pending examination it ought to be kept in a dark cool 
place. 

It should be commenced by noting the coarser physical characters, such as 

the colour, transparency,f smell, and taste of the water. 
_ The smell and taste of the water give some indications; for the smell the 
water may be warmed, or distilled, when thesodour of fxcal matter is often 
brought out clearly both in the distillate and residue. If the water is put in 
a stoppered bottle, which it half fills, and is exposed to light, and then opened 
and smelt after a few days, commencing putrefaction, or the formation of 
butyric acid, or something similar, can sometimes be detected. Tiemann re- 
commends that the water should be heated to 110° or 120° Fahr. ; if hydrogen 
sulphide be present add a little copper sulphate, which precipitates it and per- 
mits any putrid smell to be perceived. 

Taste is an uncertain indication. Any badly tasting water should be 
rejected, or purified before use. Suspended animal organic matters often give 
a peculiar taste, so also vegetable matters in stagnant waters. Some growing 
plants, as lemnia, and pistia, give a bitter taste ; but most growing plants have 
no taste. Perfectly dissolved animal matter is frequently quite tasteless. As 
regards dissolved mineral matters, taste is of little use, and differs much in 
different persons. On an averago—t 


Sodium chloride is tasted when it reaches 75 grains per gallon. 
Potassium __,, ss ‘5 20 9 - 
Magnesium 9 9 9 50 to 55 9 ” 
Calcium sulphate, ‘s 5 25to 30s, is 

» carbonate, : 5 10to12 ,, ‘< 

» nitrate, ae 5 15 to 20 =, i 
Sodium carbonate, i ‘ 60 to 65, ‘3 
Iron, . ’ ” ” 2 ” ” 


Iron is thus the only substance which can be tasted in very small quantities. 
A permanently hard water has sometimes a peculiar fade, or slightly saline 
taste, if the total salts amount to 35 or 40 grains per gallon, and the calcium 
sulphate amounts to 6 or 8 grains. The taste of good drinking-water is due 
entirely to the gases dissolved ; water nearly free from carbonic acid hardness, 
such as distilled water, is not so pleasant as the brisk well carbonated waters - 
it may be called flat, but it is difficult to define the kind of taste or absence 
of it. 

Tie conditions of colour and transparency are given below. 

The coarser physical examination gives few indications of value, and if a 
water is reputed good on the evidence of this examination alone, it should be 
80 stated. 


f 








* W. O. Circular 82, June 1876, directs water to be sent in stoppered glass-bottles. 
+ Gérardin also recommends the lustre to be noted. “ 
Dr De Chaumont, Army Medical Report for 1862 (vol. iv. p. 855.) 


Arguing from the apparent preference many persons have ir water containing some saline 
matters’ Weaklyn has rapgostd the addition. o sodium chloride to drinking water, to the 


extent of 50 gisins per gallon. 
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The further and complete examination of the water may be conveniently 
divided into two parts ; the examination of the suspended, and of the dissolved 
matters, 


Sus-Szorion J. 
EXAMINATION OF SUSPENDED MatTTERrs, 


The suspended matters may be either mineral (sand, clay, chalk, fine films 
of mica, iron peroxide), or dead animal or vegetable matters, or living creatures 
(plants and animals). 


To examine the colour and detect the presence of Suspended Matters. 


Pour some of the water into a tall white glass vessel placed on white paper 
or plate, and look down it; a depth of 2 feet is desirable, hut a stratum of a 
foot or 18 inches will give valuable information. A similar glass with distilled 
water should be used for comparison. Substances giving colour and opacity 
to water can be thus detected when merely looking through the water gives no 
indication. Perfectly pure water has a bluish tint, and several fect of thick- 
ness do not obscure the bottom of the vessel. As water becomes turbid the 
bottom of the vessel is less distinctly seen, or is obscured altogether, by per- 
haps only a, few inches of water. The depth obscuring the bottom of the 
vessel should be noted, and the kind of colour ; a green colour indicates vege- 
table impurity generally, a yellow or brown colour animal impurity, except 
in peat-water. 

Living animals moving through the water, like the water-flea or cyclops, are 
best detected by looking through the water. Any water which is very turbid 
is a suspicious one.* 


To determine the nature of the Suspended Matters, 


Suspended sand or clay gives a yellow, or yellow-white turbidity ; vegetable 
humus and peat give a darkish, sewage gives a light brown colour ; but the 
colour or turbidity alone is a very insufficient test. Then boil the water, and 
pour it back into the long glass. Sand, chalk, and heavy particles of the 
kind will be deposited ; finely suspended sewage and vegetable matter is little 
affected, unless it be a chalk water, when the deposit of calcium carbonate 
may carry down the suspended matter. When the water is commencing to 
boil, smell it to see if there is any trace of sewage. 


Microscoric ExaMINnATION. f 


The examination with the microscope can, however, alone give accurate in- 
formation of the nature of the suspended mattors. Very high powers (1000 
or 1200 diameters) are necessary for a complete examination, though lower 
powers will give much information. 

If the matter is entirely suspended, a drop of the water must be taken at 
once; but when it can be obtained, a little of the sediment is more satisfac- 
tory. To get a sediment, the water should be placed in a conical glass, care- 
fully covered and allowed to stand for a few hours; and the upper part of 





e 

* Gérardin recommends that the lustre (éc/at) should be noted, and considers it an index 
of the presence of oxygen in solution ; a pure, well aerated water has a brilliant, sparkling, or 
adamantine lustre, whilst an impure, badly aerated water has a dull or vitreous lustre. 

+ Fora good resumé of this part of thé examination, reference may be made to Professor 
Macdonald's excellent work, ‘‘ A Guide to the Microscopic examination of Drinking-water, by 
J. D. Macdonald, R.N., F.R.S. Deputy Inspector-general of Hospitals and Fleets, Professor of 
Naval Hygiene, Army Medical School.’ : 
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the water is then poured away or syphoned off. In special cases, where it is 
important to know the exact condition of. the suspended matters, before they 
undergo change by the action of the atmosphere of the room or laboratory 
where they may be kept, they may be’ collected in vacuum tubes, which may 
be sealed, A very small amount of sediment can be thus got at. An 
immense number of dead and living things may be found. in water, which it 
would be impossible to enumerate, but which may be conveniently divided 
into two great and several minor headings. 


1. Inanimate Substances. 


(a) Mineral particles are tolerably easily known; sand has large angular 
particles ; clay and marl round smooth globules unaffected by acids; chalk 
round often glistening bodies dissolved by acid., 

(2) Vegetable matters: portions of wood, leaves, bits of the veins; 
parenchyma or ducts are easily recognised. When vegetable tissue is more 
decomposed nothing is seen but a dark, opaque, structureless mass, Any 
dark formless mass of this kind in water is almost certainly decayed vegetable 
matter. Bits of textile fabrics (cotton, linen) are not uncommon, and are 
important as indicating that the water is contaminated with house refuse. 
So also the cells of the potato, or spiral threads of cabbage and other veget- 
ables used by men, are important as indications of the same kind. 

(c) Animal matters, consisting of bits of wool, hair, remains of animals of 
all kinds, such as wings and legs of insects, spiders and their webs, portions 
of the skin of water animals or of fish, &., aro not uncommon. Sewage 
matters having a darkish brown or reddish colour, and often in globular 
masses, and thus distinguishable from the flatter and more spread-out veget- 
able matter, are sometimes seen. In the London water, as supplied twenty- 
five years ago, Hassall recognised these little “ochreous” masses, and found 
that nitric acid brought out a pink tint. He thought them to be portions of 
muscular fibre, tinged with bile. Epithelium (from the skin of men)* and 
hairs of animals are not unfrequent. The identification of these matters is of 
moment, as indicating the particular source of the contamination. Anything 
which can be unequivocally traced to the habitations of men must always 
cause the water to be regarded with suspicion, as if one substance from a 
house can find its way in, others may do so. — 


2. Living Creatures.t 


These are often found in the sediment, but sometimes also float in the 
water above the sediment. They are almost innumerable, and as immature 
forms and various stages of development are seen, it is often difficult or 
impossible to name all of them. 

(2) Bacteria, vibriones, or microzymes. Under these terms are meant the 
small points or jointed rods, sometimes moving rapidly sometimes slowly or 
motionless. Distinctions arc made between these three by some, while by 
others the three terms are used as synonyms.{ High powers (and preferably 





* Epithelium from the skin breaks down slowly in water ; I detected some in unfiltered 
Thames water in January 1869, and on the 3ist May some of the same water preserved in a 
bottle showed quite distinctly the scales and nuclei. The collection of the-water, the sending 
in a barrel from Teddington to Netley, and the soakage in the water for five months, had not 
destroyed the epithelium. Epithelium from the mouths of cattle is sometimes found. This 
was the case in some water examined at Netley, got from a catch-pit in Parkhurst Forest. 

++ Numerous plates of the various organisms found in the Thames water have been given by 
Hassall, (Microscopic Examination of the Water supplied to London, by A. H. Hassall, 

D., 1850, Food and its Adulteration, by same author, 1876.) __ 

t Frequently spoken of as Bacteroids and smaller forms as Bacteriform puncta, 
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with immersion lenses) are required to see them properly. When they appear 
in water it is necessary, as Lex* has shown, that besides oxygen three con- 
ditions must be present—(1) an organic carbonaceous substance; (2) a 
nitrogenous ‘substance, which need not be organic—a nitrate, for example, 
will well nourish bacteria, and is reduced to nitrite by their growth; (3) a 
phosphate, which, however, may be in exceedingly small quantity. The 
bacteria may either originally exist in the water, or be introduced. Burdon- 
Sanderson’s experiments, however, are not favourable to the introduction of 
bacteria from the air, though, as noticed under A77, large numbers of cells 
which seem to belong tothe same class can be obtained from the air. It 
appears from Burdon-Sanderson’s observations, that the germs (if the term be 
allowed) of bacteria may exist in water and be indetectable by the highest 
microscopic powers, or eve by Tyndall’s test of the electric beam. To 
detect these the test by cultivation, or what may be called the microzyme test 
for water, can be employed. Take a little recently prepared clear Pasteur’s 
fluid,{ boil it, and put one or two C.C. into a test tube previously strongly 
heated to 356° Fahr., drop in three or four drops of the water, and close the 
mouth of the tube with cotton wool. If microzymes or their germs exist in 
the water, in a few days the liquid becomes milky from countless bacteridia. 

As, however, even distilled water and the purest ice-water contain 
bacteridia, the test cannot be used as an indication of good or bad water, 
except in connection with others, and with due regard to temperature, which 
has a great effect. All it will show is, that the greater or less rapidity of 
appearances of opalescence will prove that microzymes are more or less 
abundant. 

The present view is, that while it has not been conclusively shown that 
bacteria or vibriones are in themselves hurtful (though they are so held by 
some observers), their presence indicates the coexistence of certain organic 
substances and putrefaction, and putrefactive substances in water are certainly 
dangerous. 

The spirillum can also be often detected in water. In addition to 
microzymes the water will always contain various allied protozoa, which are 
usually termed monads or zoogloea, and which seem to have the same 
significance as bacteridia.§ 

(e) Rhizopoda, especially amoebe and similar forms, may often be detected 
with high powers. They appear to indicate, like bacteridia, the existence of 
putrefying substances, but this is not yet certain. 

(f) Euglens (of different species, such as £. viridis, FE. pyrum, &c.) are 
found in many waters, especially of ponds and tanks.|| Ciliuted, free, and 
rapidly moving infusoria, belonging to several kinds of common protozoa, such 
as kolpoda, paramecium, coleps, stentor, kerona, stylonichia, oxytricha, &c., 
are also found. The abundance of these bodies indicate, of course, that the 
water contains food for them, and this must be either vegetable or animal 
organic matter, but the mere presence of these infusoria will not show which 


* Centralbratt, fiir die Med. Wiss., No. 20, 1872, p. 305. 

+ bdo | nitrite disa sore nitrogen pains riage 
‘ + Pasteur’s fluid is composed of 10 grammes of crystallised sugar ; *5 grammes of ammoni 
tartrate ; *1 of well-burnt yeast ash, and 100 C.C. of distilled watar It should be quite lear: 
It is a capital breeding-ground for microzymes or ane a 

§ According to Dr Macdonald, ‘ All analogy would go to indicate that the Zooglwa form of 
Bacterium termo may be regarded as the primary or normal state of this organism, the sur- 
rounding gelatinous matter being simply the representation of that which forms the indefinite 
form of Microhalon, or Palmela for example.” (op. cit. y 14), 

| There appears reason to believe that all or most of the nagelnse animaicules are vegetable, 
and the minuter are (such as monas) probably connected with the reproduction of higher forms, 


uch as fungi. . - 
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it is. Hassall noticed, however, in 1850, that the Thames water below 
Brentford, where it was mixed with sewage, swarmed with paramecia, while 
at Kew, where the water was freer from sewage matters, they had almost 
disappeared. Subsequent observations have not, however, proved the relation 
between paramecia and animal matter in the water to be sufficiently constant 
to allow the former to be used as a test of the latter. Fixed or slow moving 
infusoria, as the vorticelle, are also often seen. 

(9) Fungi.iIn any water which contains nitrogenous matter (of animal 
nature, at any rate), sugar, and a little phosphate, fungi will soon appear, and 
the spores, no doubt, enter from the atmosphere. Spores, spore-cases, and 
delicate mycelium can be seen, and often bacteridia co-exist. If fungi are 
found in water they indicate impurity, and such water should not be used if 
it can be avoided, or should be purified.* Boiling does not kill the fungi, 
according to Heisch ; charcoal filtration does so according to the same observer, 
though Frankland has thrown some doubt on this point. Animal charcoal 
adds some phosphate to the water, and in this way might aid the growth of 
fungi. According to Warrington and Bischof spongy iron (obtained by 
calcining with charcoal the residue from burnt copper pyrites) gives off no 
pliosphate, and water filtered through it is quite freed from fungi. 

Heischf states that sewage matter in water gives rise, when sugar is added 
to the water, to a peculiar fungus, which he describes as formed of very small, 
perfectly spherical transparent cells arranged in grape-like bundles ; they grow 
rapidly into mycelia, and are attended with the special character of producing 
the odour of butyric acid. The mycelium soon disappears. 

Dr Frankland doubts whether fungi, which are readily produced by adding 
sugar to sewage water, are distinctive of sewage, as apparently similar cells are 
caused by other animal matters. 

The identification of the spores of fungi, and even of the mycelium as sccn 
in water, is so extremely difficult that it would be at present rash to affirm 
that any fungoid elements are distinctive of fecal matter. The butyric acid 
smell also is given off by so many impure waters that it could hardly be used 
as a test for feces. 

(i) Algee and diatoms are found in almost all running streams, and algm are 
also seen in many well waters. They cannot be held to indicate any great 
impurity ; and to condemn water on account of their presence would be really 
to condemn all waters, even rain, in which minute algoid vesicles (protococci) 
are often found. 

The forms of the various conferyes in water are very numerous ; some being 
coloured green, at other times they are quite colourless, round, isolated, or 
clustered vesicles. The immature forms may not he casy of identification. 
The diatoms are always easily recognised and identified. In many waters the 
living objects in the above five classes comprise all that are seen, but in other 
cases there are animals of a larger kind. 

(*) Hydrozoa, especially the fresh water polyps, are common in most still 
waters, and do not indicate any thing hurtful. 

(%) Worms, or their eggs and embryos, belonging to the class Scolecida, 
may occur in water, and are of great importance. The eggs and joints of the 
tapeworm, the embryos of the Bothriocephali, the eggs of the round and thread 
worms, and perhaps the tvorms themselves, the Guinea-worm, and other kinds 





* In the cases of malarious fever at Tilbury Fort (Army Med. Reports, vol. xvii.) fangoid 
structures were found in the water whose use was coincident with the fever, but were absent 
from the water, following on whose use the fever ceased. 

+ Chemical Newsg June 1870. / 
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of Filaria; the eggs of Dochmius duodenalis, and other distomata, and the 
embryos of the Bilharzia, have all been recognised in water though it has not 
yet been shown that in all cases they can be thus introduced into the human 
body. Possibly the Filaria sanguinis hominis may be taken in drinking 
water, but evidence is wanting. The worms themselves cannot be overlooked, 
but both the eggs and the free-moving embryos are difficult of identification. 
The greatest care should be used in examining water to detect the ova, In 
India the abundance of minute Filarie has led to the general term of 
‘“tank-worm” being applied. 

The presence of even common Anguillule in water shows generally 
an amount of impurity, and such a water must be regarded with great 
suspicion. Small leeches also are not uncommon in both still and running 
waters. 

The wheel animalcules ‘are common enough, and cannot be regarded as 
very important, though certainly when they exist there must be a good deal 
of food for them, and consequently impurity of water. 

(7) Entomostraca (such as the water flea, Daphnia pulex, fig. 2; the Cyclops 
quadricornis, fig. 3; the Sida, Moina, Polyphemus, and others) are very 
common in the spring; they occur in so many good waters that they cannot 
be considered as indicating any dangerous impurity. It is said that they are 
only found near (within one or two feet) of the surface. 





Fig. 2. Fig. 3. 


(m) There are, of course, many other tolerably large animals often found 
in water; the larve of the water-gnat (Dytiscus), the water-boatman, or skip- 
jack (Wotonecta glauca), and the pupa form of many insects may be found, but 
they are chiefly in pond water. 

So many are the objects in water that the observer will be often very much 
at a loss, first, to identify them, and secondly, to know what their presence 
implies. The best way is first to see what objects appear to be mineral, or 
non-living vegetable substances, and to fix the origin and estimate the quantity 
as far as it can be done. Then to turn to the living creatures and to look 
attentively for bacteridia, amoebe, fungi, and ova, and small worms and 
leeches. If none of these exist, the water cannot be considered dangerous. 
Ciliated infusoria of various kinds, Diatoms, Desmids, and Alge, are chiefly 
important in connection with microscopic evidence of decaying vegetable 
matters, and with chemical tests showing much dissolved organic impurity in 
the water. 

The subjoined plates show the principal objects found in a deep well water 
(Plate L); in a slow running stream (Plate IL) ; in Thameg water taken in 
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DESCRIPTION OF Prats I, 


Sedument from South wing Well, Netley, drawn with the Camera lucida, at the 
distance of 10 inches from the centre of eye-prece to parper. 


The presence of infusoria and animals of low type indicates the presence of organic 
atter, animal or vegetable, and it ic therefore important to note their presence ; but 
has not at present been shown that they are in themselves at all hurtful. 


aaa Actinophrys Sol, early and complete stages, x 260. 
b Supposed decomposing amosba-like expansions of Gromia fluviatilis, 
x 435, 
c Fragment of carbonate of lime, x 435. 
d Navicula viridis, x 435. 
e Grammatophora marina? x 435. 
j Supposed encysted stage of Euglena viridis, x 435, 
_g Pinnate conferva, x 780. 
hhh Fragments of decaying vegetable matter, x 65. 
w% Fragments of carbonaceous substance. 
¢ j Part of conferva filament, Conferva floccosa ? showing the various 
conditions of the protoplasm in the old and new cells, x 435. 
k Part of leaf of Sphagnum or bog-moss, x 108, 
i Grammatophora maria, 435. 
m Minute spores with zoospores? x 4365, 
« Diatoma hyalinum, x 435. 
o Cell with dividing protoplasm, x 435. 
p Oxytricha lingua, x 260. 
q Rotifer vulgaris, small, x 108. 
r Anguillula fluviatilis, x 108. 
s Peranema globosa, x 108. 
t Statoblast of a fresh-water zoophyte? x 108. 
wu Arthrodesmus incus, x 4365. 
7 Minute Desmidia, Scenedesmus obtusus, x 780. 
w Oscillaria (oscillatoria) levis, x 780. 
*% Homeocladia filiformis? x 435. 
y Ankistrodesmus falcatus, x 435. 
z Minute moving particles, x 435.—(?) Zoospores. 


(To Binder—To face Plate I.) 


64 


Fry) 
edo 


485 


7 


i 
eT 


3+ i- 3. 
es 


i 





feeete eemtatenrnethearn somite gertererrerniaedietiwe Ararrrictemminicss rear mammal 


DESCRIPTION or Priatz II. 


mt of Ditch Water, drawn with the Camera lucida at the distance of 10 inches 
from eye-prece to paper. 


a Decaying vegetable matter, cellular tissue, x 108. 
b Pleurosigma formosum, before dividing, x 170. 
c Oxytricha gibba, x 108. 

d Amphileptus anser, x 170. 

e Euglena viridis, x 285. 

f Supposed urceola of sometotifer, x 108, 

g Surirella gemma, x 108. 

hk Do do x 65. 

+ Foraminifera, x 65. 

j Trachleocerca linguifera, x 65, 

& Sréall Planaria?:ovisacs distended, x 65. 

t Navicula viridis, x 285. 
m Paramecium aurelia, x 170. 

a Coleps hirsutus, x 285. 

o Pleuronema, crassa, 285. 

gy Monura dulcis, x 170. 

q Surirella splendida, x 170. |. 

¢ Biddulphia pulchella, x 285. 

8 Surirella striatula, x 170. 

¢ Rotifer, Monolabis conica? x 108, 

u Axegma, spore cases, x 285.° 

» Stentor ceruleus? do. v. x sia x 170. 
w Nrinema acinus? x 170. 

« Pinnularia grandis, x 170. 

y Gyrosigma angulatum before dividing, x 170. 
g Alyscum saltans? x 170. 
aa Synedra ulna, x 170, 

bb Amphiprora alata, x 285. 

cc Gyrosigma Spencerii, x 285. 
dd Nitzschia sigma, x 170. 

ee Brachionus angularis, x 1'70. 

Jf Young Vorticella? x 170. 

gg Gyrosigma fasciola, x 285. 
hh Trachelius strictus, x 285. 

“i Cocconema Boeckii, x 170. 

jj Confervoid cell ? with divided protopiaam, x 285. 
kk Euplotes Charon, x 170. 


(To Binder—To face Plate II.) 
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DESCRIPTION OF Piate ITI. 


wawing of Sediment in Thames Water, taken just above Teddington Lock, in April 
1868. Notice the evidence of impurities from men, viz., epithelium, woollen, 
cotton, and flax fibres, 


Fig. 1. Coleps hirsutus. 
2. Bodo grandis. 
3. Actinophrys Eichornii. 
4. Epithelium (tessellated). 
5. Leucophrys striata. 
6. Anguillula fluviatilis, 
7. Paramecium chrysalis, dividing (? sexual stage). 
8. Vorticella microstoma. 
9, Kerona, young ? 
10. Vorticella microstoma (stemless). 
11. Paramecium aurelia. 
12, Conferva. 
13. Cocconema, lanceolatum. 
14, Synedra splendens. 
15, Gyrosigma attenuatum. 
16. Gomphonema acuminatum. 
17. Wool fibre, dyed. 
18. Cotten fibre, dyed. 
19, Conferva floccosa. 
20. Hair, barbed, of ? 
21. Kerona mytilus. 
22. Siliceous spicule, 
23. Diatoma vulgare, 
24. Fungi (1 Torula). 
25. Flax fibre. 
26. Arthrodesmus quadricaudatus. 
27. Stylonichia ? histrio, dividing. 
28. Paramecium caudatum. 
29. Woody fibre, ? rootlets. 
30. Pollen. 
31. Vegetable tissue and mycelium, with spores. 
32. Decaying vegetable matter. 
33. Gomphonema curvatum. 
34, Spores of Fungi (? Aregma). 
35. Antherozoid of ? 
36. Encysted spore. 


Decaying vegetable matter and infusoria abundant. 


(To Binder—To face Plate ITT.) 
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1868 above Teddington Lock (Plate TIL); in water from a spring near 
Railway at Tilbury (Plate IV.) 


Chemical Examination of the Sediment. 


The amount of sediment is told by taking two equal quantities of water 
(say 4 litre), evaporating one quantity to dryness at once, and the other after 
subsidence and filtration, so that suspended matters are as far as possible 
separated, and then weighing the two residues. The difference between the 
two weights gives the amount of the sediment. Or a certain amount of water 
may be allowed to stand until all the sediment has fallen ; the water is poured 
off, and the sediment dried and weighed. If good Swedish filtering paper is 
obtainable, the sediment may be obtained at once; two filters should be 
moistened with dilute hydrochloric acid, then washed with distilled water and 
then dried. The amount of ash in one filter should then be determined by 
incineration ; the sediment should be collected on the other filter, dried,: 
weighed, and then incinerated. The ash of the filter itself being known, the 
weight of the ignited sediment is the total weight, less the ash of the filter. 
If it be wished to carry the analysis farther, the sediment is incinerated ; 
mineral matter remains, while all animal and vegetable matter, whether 
previously inanimate or living, is destroyed. This matter of such various 
origin is generally stated under the vague terms of organic or volatile matter, 
but this gives no .idea of its origin. Some of this so-called organic matter 
may have been dead; another portion living. The mincral matter may be 
further determined by digesting in weak hydrochloric acid by the aid of heat ; 
the undissolved matters are silica and silicate of alumina; lime, iron, and 
magnesia will be dissolved, and can be tested for as hereafter given. 


Sus-Sszction II. 
EXAMINATION OF DissoLVED MATTERS, 


In all cxaminations of water, if the sediment is not expressly referred to, 
it is to be understood that the examination refers only to the dissolved 
matters. Those are gases or solids. 

Gases.—Oxygen, nitrogen, carbonic acid, sulphuretted hydrogen, and 
carburetted hydrogen are the most usual gases. If the throe former co-exist, 
as is generally the case, the oxygen is usually in larger relative amount than 
in atmospheric air, as it often reaches 32 por cent. The amounts of oxygen 
and carbonic acid depend so much on varying conditions, such as the amount 
of exposure to the air, the growth or absence of plant life, and the presence 
of animals, as to render the proportions, absolute and relative of the gases, so 
variable, that few inferences of hygienic importance can be drawn from their 
determination. A lessening, however, in the quantity of oxygen at one part 
of its course which a certain water is known to contain, may be useful, as 
pointing out that organic matter has been in the water.* 

Thus Professor Miller found that Thames water contained the following 
amount or gases in C.C. per litre, in its flow down stream :— 


Kingston. one: ee Greenwich. Woolwich. . 
Carbonic acid, 30:3 aus 45:2 556 48°3 
Oxygen, ; 7-4 4°] 15 ‘25 25. 
Nitrogen, . 15 15:1 162 (15-4 145 





* Up to quite recently Gérardin considered that the degree of oxygen (oxymétrie) was the, 
best tast of a water's purity. He has lately modified this view considerably. 
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The atability of the nitrogen, the increase in the carbonic acid, and bre 
lessening of the oxygen, are well seen. If water contain much carbonic acl 
bubbles of the gas form on the sides of the glass in which the water is placed. 

To determine the quantity of these gases, we require a mercurial trough, a 
gradiated tube-measure to be filled with mercury inverted into the trough, a 
flask and a connecting tube with a bulb blown on it. The flask is filled with 
water and connected with the bulb-tube by an india-rubber tube, which is to 
be closed by a clamp. Some water is put into the bulb, and boiled ; this is 
to expel air from the connecting tube ; and when this is done, the end of the 
tube is put into the mercurial trough under the vessel filled with mercury, 
the clamp is removed from the india-rubber tube, and the water is cautiously 
boiled for an hour. The gases collect in the mercurial tube, and are measured. 
(due regard being had to tenfperature and pressure, and the other corrections) ; 
the carbonic acid is absorbed by potash, the oxygen by potassium pyrogallate, 
and the nitrogen is read as the residue. 

As regards the carbonic acid, there is an objection to this method, as the 
heat decomposes the calcium and magnesium bicarbonates, and therefore the 
amount of carbonic acid evolved is greater than existed in the water as free 
carbonic acid. On the other hand, it is impossible by heat alone to obtain 
all the oxygen and nitrogen.* 

As this operation is a rather delicate one, and requires some practice, and 
as the information it gives, in a hygienic point of view, does not appear to 
be so useful as that obtained by other methods, it may be omitted except in 
cases where the amount of aeration is considered very important. The 
amount of free carbonic acid can also be determined approximately by the 
soap solution subsequently described. Dr Macnamara has directed in his 
scheme a still simpler method for the examination of water in India. 

Dr Frankland has proposed a very ingenious plan for extracting the gases 
from water without heat. It is an application of the Sprengel pump, in which 
the Torricellian vacuum of a barometer is made to act as an air-pump. The 
gases can be extracted either at the ordinary or boiling temperature. It is 
probable that in laboratories where much water analysis is carried on, this 
plan will come into general use, but it can hardly at present be applied by 
army medical officers. 

Hydrosulphuric acid sometimes occurs in water from the decomposition of 
sulphates by organic debris, even by the cork of the bottles, and then libera- 
tion of SH, by carbonic acid. In some mineral waters (Marienbad) 
sulphuretted hydrogen appears when alge are in the water, but not without.+ 

If the gas is present in any quantity, it can be detected by the smell. 
Sulphides have, however, less smell. Both, even without smell, can be 
detected by salts of lead. A large quantity of water should be taken in an 
evaporating dish, and a little clear lead subacetate or acetate allowed to flow 
tranquilly over the surface. Black fibres of lead sulphide are formed. If 
Jead acetate is mixed with solution of soda until the precipitate which at first 
forms is redissolved, a very delicate test-liquor is obtained. Solution of sodium 
nitro-prusside is also a delicate test, and gives a beautiful violet-purple colour. 
As it only acts on the sulphides, a little solution of soda must also be added 
to detect the free hydrosulphuric acid. 

Carburetted hydrogen in small quantity in water ‘is not readily detected, 





* The plan of determining the oxygen by means of the sodium hydrosulphite, suggested by 
Schiitzenberger and Gérardin, is ingenious and rapid, but it has the inconvenience of requiring 
the reagent to be freshly a haan as it will not keep. (See Comptes Rendus de l’Académie 
des Sciences ; Lefort, Traité de chimie h ee Annales d'Hygiéne, Janvier, 1877, 

+ Archiv fiir Wiss. Heilk, 1864, No. III. p. 261, e 
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but Tiemann says that warming the water to 110° Fahr., will enable the 
emell to detect coal.gas, when chemical reagents fail. Generally there are 
other impurities, especially if it be derived from gas impregnation. In larger 
quantity it sometimes bubbles up from the water of stagnant pools, particularly 
if there be much vegetable matter; and in the cases of some natural springs. 
in petroleum districts, can be ignited. 


Dissolved Solide. 

The discrepancies which are sometimes found in the consecutive analyses, or 
in analyses by two observers of the same water, probably arise from the difti- 
culty of always separating the suspended matters. Consequently two samples, 
apparently similar, may in reality contain variable quantities of suspended 
matters which affect the determination of the solids, or influence other tests. 

To avoid this source of fallacy, the water to be examined, if sedimentous 
should be placed in a well-stoppered bottle in a dark place for 24 or 48 hours, 
until all sediment has subsided, and the clear water should be then syphoned 
off. If the sediment is too fine to subside, the water must be filtered through 
paper (previously well washed with weak hydrochloric acid, and then with 
distilled water, and then dried), but if possible filtration should be avoided. 

The chemical examination of the dissolved matters is divided into the 
qualitative and the quantitative. 


QUALITATIVE EXAMINATION OF DissoLvep Soins. 
The water may be either at once treated, or, in the case of some con- 
stituents, it should be concentrated by evaporation. 


Water not Concentrated. 


Se ee ad 


eaneten sought | Reagents to be used and effects, Remarks. 













Reaction Litmus and turmeric papers; | Usually neutral. Ifacid and acidity dis- 
usual red or brown re-| appears on boiling, it is due to carbonic 
actions, acid. If alkaline and disappears on 

boiling, to ammonia (rare). If perma- 


nently alkaline, to sodium carbonate. 


Oxalate of ammonium. Six grains per gallon give turbidity ; 
White precipitate. sixteen grains considerable precipi- 
tate. 


Nitrate of silver, and dilute | One grain per gallon gives a haze ; four 
nitric acid. ains per gallon give a marked tur- 
White precipitate becoming idity ; ten grains a considerable 
lead colour. precipitate. 
Sulphuric Acid] Chloride of barium and dilute | One-and-a-half grains of sulphate give 
hydrochloric acid. no precipitate until after standing ; 


White precipitate. three grains give an immediate haze, 
and, after a time, a slight precipitate. 


Brucine solution* and pure |The sulphuric acid should be poured 
sulphuric acid. gently down to form a layer under 
A pink and yellow zone. - the mixed water and brucine solu- 
tion ; half a grain of nitric acid per 

gallon gives a marked pink and Mra 

zone; or,asrecommended by Nicholson, 

° 2C.C. of the water may be evaporated 

= to dryness ; a drop of pure suiphuric 
ex acid and a minute crystal of brucine 


oiue ae be dropped in; ‘01 grain per gallon 
‘a | tt beady daca 


? ange 
fhe, " 
fy : 
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Nitric Acid 













made by: dissolving one gramme in 1000 C.C, of distilled Water. The 
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Water not Concentrated—continued. 


ee Reagents to be used, and effects. 
Nitric Acid. 
and pure sulphuric acid. 
Olive-coloured zone. 
Solution of pyrogallic acid 
and pure sulphuric acid. 
A pink zone turning purple. 
e 
Nitrous Acid | Iodide of potassinm* and 
starch in solution, and di- 
lute sulphuric acid. 
An immediate blue colour, 

Ammonia Nessler’s solution. 

A yellow colour or a yellow 
brown precipitate. 

Iron Red and yellow prussiates of 

potash. 
Blue precipitate. 

Sulphuretted | A salt of lead. 

Hydrogen Black precipitate, 

Sulphides Nitroprusside of sodium. 

A beautiful violet purple 
colour. 

Oxidisable Gold chloride :—colour vary- 
matter, in-| ing from rose-pink through 
cluding or-| violet to olive; a dark 
ganic matter. | violet to black precipitate. 

Do. Permanganate of potassium. 


Lead or Cop- 


Red colour disappears, 


Ammonium sulphide. Dark 


per. eclour, not cleared up by 
hydrochloric acid. 
Zine. Sulphuretted hydrogen. 
white precipitate, 








Remarks. 





Solution of sulphate of iron | Add an equal bulk of pure sulphuric 


acid to the water, and after cooling 
pour in gently the iron solution, so as 
to float abovethe mixed acid and water. 
d to the water and sulphuric acid 
(prepared as for the Brucine test) a 
drop or two of the solution of pyro- 
gallic acid (strength about 24 per cent. 
slightly acidulated with sulphuric 


acid.) 


Add the solution of iodide of potassium 
and starch, and then the acid ; the blue 
colour should be immediate ; make a 
comparative experiment with distilled 
water. 


If in sma]l quantity, several inches in 
depth of water should be looked down 
on a white ground. 


The red for ferrous and the yellow for 
ferric salts, 


When the water is heated the smell of 
sulphuretted hydrogen may be per- 
ceptible. 


A black precipitate with lead, but no 
colour with nitroprusside shows that 
= aaa ydrogen is uncom- 

ined. 


The water, which should be neutral or 
feebly acid, must be boiled for 20 
minutes with the gold chloride. If 
no nitrous acid be present, the re- 

- action may generally be considered 
due to organic matter. 


In the absence of nitrites, the reaction 
indicates organic matter; if action 
i probably animal; if slow, pro- 
bably vegetable. 


Place some water (100 C.C.) in a white 
dish, and stir up with a rod dipped 
in ammonia sulphide ; wait till colour 

roduced, then add a drop or two of 

ydrochloric acid. If the colour 
disappears it is due to iron ; if not, to 
lead or copper.t 


A | This test is not available if there be iron 


srl should the water be alkaline. 
t forms, however, in perfectly neu- 
tral waters, but not in acid. 

e 





test may be used in another way : mix a crystal of brucine with a drop of sulphuric acid on a 
ass, and then let a drop of water run down into it. 


watch 


* Todide of potassium, 1 part ; starch, 
filter when cold, and d to the solution of iodide 
t Wanklyn, 


20 parts ; water, 500 parts; make the starch first and 
of potassium. : 
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Water Concentrated to ~yth (in a porcelain dish.) 


Substance sought | Reagents to be used, and effects. Remarks, 
Magnesia Oxalate of ammonium to pre- | A precipitate forms in 24 hours, and is 


cipitate lime, then after| the triple phosphate either in the 
filtration a few drops of | shape of prisms or in feathery crystals. 
phosphate of sodium, of 
chloride of ammonium, 
and of liq. ammonie, A 
crystalline precipitate in 


24 hours, 
Phosphoric Molybdate of ammonium and | Add the nitric acid, and stir with a 
Acid nitric acid. _ rod, then add molybdate and 
A yellow colour, and on i. ° 
standing 8 precipitate. 
Nitric Acid Brucine and iron tests. If the nitric acid is in small quantity 


it may not be detected in the uncon- 
centrated water. 


Silicic Acid Evaporate to dryness, | The residue may be weighed, and thus 
moisten with strong hy-| the silica determined quantitatively. 
drochloric acid; after} A little clay or oxide of iron will be 
standing, add boiling dis-| sometimes mixed with it. 
tilled water ; pour off fluid ; 
dry, ignite; repeat the 
treatment with hydrochlo- 
ric acid and water ; dry, 
ignite again, and the re- 
sidue is silica, or silicate 


of aluminium. 
Lead or Copper | As above. If quantity be very small. 
Arsenic Marsh’s or Reinsch’s tests. | Water should be rendered alkaline 


with sodium carbonate before con- 
centration, then acidulated with hy- 
drochloric acid, 


Zinc Evaporate to dryness; treat | This is necessary if the quantity be small, 
residue with caustic potash | or if iron be present. 
orammonia, filter and test 
filtrate with sulphuretted 
hydrogen ; a white pre- 
cipitate falls. 


inferences from the Qualitative Tests. 


Sometimes no time can be given for quantitative determinations, and the 
qualitative tests are the only means available by which the question so con- 
stantly put, whether a water is wholesome, can be in some degree answered.* 

If chlorine be present in considerable quantity, it eithor comes from strata 
containing chloride of sodium or calcium, from impregnation of sea water, or 
from admixture of liquid excreta of men and animals. In the first case the 
water is often also alkaline, from sodium carbonate ; thete is an absence, or 
nearly so, of oxidised organic matters, as indicated by nitric and nitrous acid 
and ammonia, and of organic matter ; there is often much sulphuric acid. If 
it be from calcium chloride, there is a large precipitate with ammonium 
oxalate after boiling. “If the chlorine be from impregnation with sea water, 
it is often in very large quantity ; there is much magnesia, and little evidence 
of oxidised products from organic matters. If from sewage, the chlorine 18, 
marked, and there is coincident evidence of nitric and nitrous acid and 
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ammonia, and sometiznes phosphoric acid ; and if the. contamination he recent, 
of oxidiseble organic cl ining A stream fouled by animals or excreta may 
thus show at different times of the same day different amounts of chlorine, 
and this, in the absence of rain, will indicate contamination. tk 
Ammonia is almost always present in small quantity, but if it be in large 
amount, and be unaccompanied by nitric acid and nitrous acids and chlorine, 
it probably indicates vegetable impregnation, and perhaps @ marsh origin, A 
large quantity of ammonia in water is always suspicious. If nitrates, &c., be 
also present, it is more likely to be from animal substances, excreta, dec. 
Nitrates and nitrites indicate previously existing animal matters, exereta, re- 
mains of animals, or other animal substances ;* but it has not yet been proved 
that vegetable matters may not furnish nitrates. If nitrites largely exist, it is 
y supposed that ths contamination is recent. The coincidence of 
easily oxidised organic matters, of ammonia, and of chlorine in some quantity, 
would be in favour of an animal origin. If a water gives the test of nitric 
acid, but not nitrous acid, and very little ammonia, either nitrate of 
potassium, sodium, or calcium is present, derived from soil impregnated with 
animal substances at a long anterior date. If nitrites are present at first, and 
after a few days disappear, this arises from continued oxidation into nitrates ; 
if nitrates disappear, it seems probable this is caused by the action of bacteria, 
or other low forms of life. Sometimes in such a case nitrites may be formed 
from the nitrates. Phosphoric acid, if in any marked quantity, indicates 
origin from phosphatic strata (which is uncommon) or sewage impregnation. 
Lime in large quantity indicates calcium carbonate if boiling removes the 
lime, sulphate or chloride if boiling has little effect. Testing for carbonate of, 
lime is important in connection with purification with alum. Sulphuric acid 
in large quantity, with little lime, indicates sulphate of sodium, and usually 
much chloride and carbonate of sodium are also present, and on evaporation 
the water is alkaline. If water acts greatly and rapidly on potassic perman- 
ganate, nitrites or sulphuretted hydrogen will probably be found ; if not, the 
rapid action is from organic matter, which is decomposing ; probably animal, 
as vegetable matter acts more slowly. Ferrous salts, which also act on per- 
manganate, are uncommon in drinking waters. Large evidence of nitric acid, 
with little evidence from permanganate, indicates old contamination ; if the 
permanganate gives large indications, and especially if there be nitrous acid 
as well as nitric, the impregnation is recent. 


Tabular View of Inferences to be Drawn from Qualitative Examination. 


general 














Oxidisable 





rg ahd Chlorine. ar ts Nitrates. | Nitrites. |Ammonia. Sulphates.Phosphates,| Remarks. 
Chloride. 




















.|Slight. |Slight. | Trace. | Nil. Nil. Trace. | Trace. A pure water. 

.|Marked |Slight. | Trace | Nil. Nil. Marked.| Trace or | Probably sea- 

tolarge. or nil. nil. water con 

H tamination. 
Suspicious; Large. | Marked. | Trace. | Trace. | Trace. | Marked.) Marked. | Probable ani- 


mal con- 

tamination. 

Bad . .|Large. | Large. |Marked.| Marked.| Marked.| Marked.| Marked. Probably sew- 
e. 


Suspicious| Slight. | Moderate Nil. {Nil, | Large. | Trace.: | Marked. Probably 
Mia 
mars 


Usable .} Marked. | Slight. |Marked.! Trace. | Trace. Trace. | Trace. Old animal 
aaa 
on. 






| Dr Frankland has considered these substances asthe repregentatives of ‘ previous sewage 
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A water containing any metal (except jron), other than ; 
~~, metals, is to be pratt Pt iron), other the alkaline and 
A water containing any gas, other than oxygen, nitrogen, or carbonic acid. i 
= rein naidered suspicious, and not to be used without boiling or filtration, 

or 


QuantiraTive Examination or Dissozvep Soxms, 


The gases dissolved in the water have been already alluded to. Of the 
solids in water, some are mineral, and derived from the mineral constituents 
of the soil, such as lime, magnesia, and part of the ehlorine, sulphuric, 
carbonic, and silicic acids ; others are also inorganic, but are derived from the 
remains of animals or vegetables, by oxidation or solution, or from the atmo- 
sphere, a8 ammonia, nitric acid, nitrous acid, some of the chlorine, sulphuric, 
and phosphoric acids. Other constituents, derived from numerous sources, 
are vegetable or animal matters, which are usually unstable, and are under. 
going disintegration and oxidation. They may be nitrogenous or not. The 
composition of these substances is doubtless extremely various ; the determina- 
tion of the total quantity is difficult ; the separation of the different kinds from 
each other, at present, impossible. 

The methods by which the quantity of this organic matter (to use 
its familiar name) can be expressed have been lately much debated, and even 
now there is no general agreement ;* nor, at present, is there any plan by 





contamination.” Jn many cases they are so, but it cannot be held that they are always 50 ; 
‘any nitrogenous substance, quite apart from sewage, may furnish them, so that the phrase has 
been objected to, and is better avoided. 

* The following plans have been tried at successive times :— 

1. The estimation by ignition of the dried solids. However useful ignition is as indicating 
the presence of nitrites, nitrates, or organic matter, the results are very uncertain as regards 
quantity, owing to the loss of hygrometric water, the decomposition of carbonates, and errors 
arising in recarbonating, the loss of nitrites and nitrates, and in some cases of chlorine, as well 
as the destruction of organic matter. Hence ‘substances driven off by heat,” or “ volatile 
substances,” is not an equivalent expression for “ organic matters.” 

2. Precipitation by perchloride of iron, weighing, incinerating, and weighing again. The 
ey here is that all the organic matter is not precipitated, and other mineral substances 
may be. ’ 

8. The determination of the nitrogen and carbon in the organic substances. This is the 
plan proposed by Dr Franklend, who determines the nitrogen in the ammonia, nitric and 
nitrous acids which may be present, and also that in organic combination, and in this way gets 
at the nitrogen, which must have formed part of the organic matter (‘‘ organic nitrogen”). In 
the same way the carbon existing other than in the shape of carbonic acid is determined 
(“ erganic carbon”), He has proposed a most ingenious and beautiful process, a short account 
of which the medical officer will find in my Report on Hygiene in the Army Medical Depart- 
ment Blue Book, vol. viii. p. 300. The most recent and best account of the whole process is 
contained in Sutton’s Volumetric Analysis, 3d Ed. p. 291. ‘his plan requires so much 
apparatus, time, and skill, as to be quite beyond the reach of medical officers, and it would also 
appear that in the hands of even very able chemists it gives contradictory results; the 

uantities are in fact so small, and the chances of error so repeated, that in its present form 
this really beautiful plan seems not adapted for hygienic water analysis. It is also difficult 
to know what construction should be put on the results; a water containing much non- 
nitrogenous organic matter may give a very much larger amount of ‘organic carbon” than a 
water containing a much smaller amount of nitrogenous matter, and yet be much less hurt- 


ful. 

4, The determination of the nitrogen of the organic matters (as ammonia) by means of 
alkaline D eahiinrncly ag of potassium (“‘albuminoid ammonia”), after all ammonia existing as 
such in the water has been got rid of. This Plan, proposed by Wanklyn and Chapman, has 
the merit of simplicity and rapidity. It has been objected to by Frankland on the ground 
that the whole of the nitrogen is not obtained. There is no doubt of this; but Wanklyn 
affirms that the quantity obtained is constant, and therefore rk car between different 
waters can be instituted. Thudichum and Dupré, in their work on Wine (p. 262), state that 
they find the albuminoid ammonia process so accurate for albumen in wine, that they use 
it in preference to other methods. It must be confessed, I think, that this point has not he 
been probed to the bottom, and that es y the relation of the “ albuminoid ammonia 
to disease produced by the water has not yet made out, The ‘“albuminoid ammonia” of 
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which dissolved vegetable may be distinguished from animal matter, except 
by reference to the microscopic characters of the sediment, to the source of the 
water, and the coincident inorganic substances. 

The quantitative processes which appear, in a hygienic sense, to be most 
useful are as follow :— 

Determination of the following— 

1, The dissolved solids. 

(a) Total. 
t Fixed. 
c) Volatile. 

2. Chlorine. 

3. The hardness. (a) Total. (b) Fixed. (c) Removable. 

4. Free or saline ammonid.and nitrogenous organic matter. 

(a) Free ammonia. 
(¥) Albuminoid ammonia. 

5. Oxidisable matter and products of organic oxidation. 

(a) In terms of oxygen required for total oxidisable matter. 
(b) In terms of oxygen required for organic matter only. 
(c) Nitrous acid. 

(d) Nitric acid. 

6. Sulphuric acid, silica, iron, and the alkaline chlorides and carbonates 
may be determined, but are seldom required. 

The statement of results is usually given in this country in grains per gallon, 
or in parts in 10,000 or 100,000; or it may be given in grammes per litre, 
which is the same as parts per 1000, and by shifting the decimal point to the 
right, parts per 10,000, 100,000, or per million are obtained. The smaller 
quantities are conveniently expressed in milligrammes per litre.* 


1. Determination of the Dissolved Solids. 


(a) Total solide.—The remark already made about suspended matters must 
be attended to ; if possible, obtain a clear water by subsidence rather than by 
filtering through paper. The solids are determined by evaporation. If very 


pure potable water has been simply taken as a standard, and the wholesomeness of other waters 
judged of by reference simply to this. But at the present time it appears to me the best 
process we have, and (with some reservation as to the precise inferences to be drawn from it) it 
seems likely to be generally adopted. 

5. Estimation of the organic matter in terms of the oxygen required to oxidise it, the per- 
ne apt of potassium being the oxidising agent. This process has been much used and 
much objected to, and some chemists have now given it up. It gives, certainly, only an 
approximation, requires care, and will only indicate the organic matter capable of oxidation. 

et it gives really useful information, as it often adds addifional evidence to Wanklyn’s method, 
and gives some indication as to the old or recent origin of nitric acid and is easy of application. 
In spite of the opinion expressed against it by Frankland and others, it appears to me very undesir- 
able to discontinue it ; and in those cases where, from want of apparatus,the distillation necessary 
for Wanklyn and Chapman’s method cannot be done, it is at present absolutely essential. 
Kubel and Tiemann reject both Frankland’s and Wanklyn’s methods as untrustworthy, and 
trust to modifications of the permanganate process, 

* Grammes per litre are converted into grains per gallon by multiplying by 70. Milli- 
grammes per litre, if multiplied by ‘07. are brought into grains per gallon. Grains per gallon 
are converted into parts per 100,000 by dividing by ‘7; parts per 100,000 are brought into 
grains per gallon by multiplying by ‘7. 


Equivalents of the French weights— . 
Gramme, = 16°48 grains. 
Decigramme, = 1543 ,, 


Centigramme, = ‘1543 ,, 
Milligramne, m= ‘01543 ,, 
Litre, m= 1°764 pints, 
Cubic Centimetre, — 16-9 minims, 
"40.¢., ‘= ] fluid ounce avoir. 


EXAMINATION OF WATER—-CHEMICAL. 75 


good scales are available, 200 C.C. of the water are sufficient,* if the scales 
are, inferior, 500 or 1000 C.C. of the water must be taken ; then evaporate to 
dryness with a moderate heat, taking care that the water does not boil, else 
there may be loss from spurting. Ifthe smaller quantity be taken, the whole 
evaporation may be conducted in one vessel (of platinum if possible) ; but if 
the larger amount must be used, the evaporation should be commenced in a 
large evaporating dish, and the concentrated water and deposit, if any, trans- 
ferred into a small weighed crucible. The transference demands great care, 
so that none of the solids shall remain encrusted in the evaporating dish. All 
the contents of the large dish being transferred, evaporate to complete dryness 
in an air, water, or steam bath, keeping the heat below 212° Fahr. When 
the solids appear quite dry, raise the heat (in an air bath) to 260° or 270°, 
and keep it heated for half an hour to one hdr. Weigh as soon as the 
capsule is cold, as the dried mass may be hygrometric. 

Professor Wanklyn advises a very simple form of steam bath. A common 
two gallon tin can is taken, a perforated cork fitted in the mouth, and a 
funnel passed through the perforation; the crucible is placed in the funnel, 
a little roll of paper being placed between the funnel and crucible to let the 
steam pass. Water is boiled in the tin can.f 

Dr Frankland recommends that the heat shall not be carried above 212° 
Fahr., while some chemists advise a heat of over 300°. At 212° some water 
may be retained, while at 260° some organic matter may be dissipated ; but 
as there is really loss of organic matter in some cases below 212°, and not 
much more at 260°, it seems safer to have the heat carried to the latter point, 
and to be thus sure of perfect dryness. { 

For the same reason (viz., not to cause loss of organic matter or ammoniacal 
salts) it is best not to add any sodium carbonate, unless there be any 
magnesium chloride in the water, when a weighed quantity of pure sodium 
carbonate can be added. 

If the heat is only carried to 212°, it should be continued for a long time. 

The dried mass should be now weighed and calculated as grammes per 
litre, or as grains per gallon. 

The determination of the total solids is a most important point, and should 
be very carefully done. It gives a control over the other quantitative deter- 
minations, and if erroneous may make the other conclusions wrong. 

(b) Fixed solids. Incinerate the dried solids with as low a heat as 
possible ; watch the process, and note if there be much blackening, or if any 
fumes can be seen, or any smell be perceived as of burnt horn. A piece of 
filtering paper dipped in solution of potassium iodide and starch, and then 
dried, or a piece of ozone paper, should be held over the crucible to detect 
any nitrous acid which may be given out. 

(c) Volatile solids. The loss on ignition may be stated as “volatile sub- 
stances.” It consists of destructible organic matters, nitrates, nitrites, 
ammoniacal salts, combined water, combined carbonic acid,§ and sometimes 
chlorides. The variableness of the composition of the “ volatile substances” 
has led to the disuse of the process by ignition as too uncertain. Combined 
with other evidence it gives, however, some useful indications. The incin- 
erated solids may be examined for silica and iron, as hereafter noted. 





* Wanklyn recommends a “‘ miniature gallon” of 70 C.C.s, which, he says, evaporates in one 
hour. This is too small without a delicate balance. ; 
+ If the ‘‘ miniature gallon” be used, Niece recommends an ordinary beaker-glass. 
+ Tiemann recommends 150° to 180° C. equal to 342° to 854° F. 
This may be restored by adding a little solution of ammonium carbonate and then drying 
and driving the excess of ammonia. 


"6 WATER. 


9. Deormination of Chlorine. Y 


Chlorine may be determined very rapidly by the volumetric method. 

Make a solution of pure silver nitrate, by dissolving 17 grammes (one-tenth 
of an equivalent) in 1 litre of water. Of this solution 1 C.C.=3°55 
milligrammes of chlorine, or 5°85 of sodium chloride. * _ 

Take 100 C.C. of the water to be examined ; place it in a white porcelain 
dish ; add enough solution of yellow potassium chromate to make the solution 
just yellow, drop in the silver nitrate from the burette, and stir after each 
addition. The red silver chromate which is first formed will disappear as 
long as any chlorine is present. Stop directly the least red tint is permanent. 
Multiply the C.C. used by 10, and then by the co-efficient of chlorine, or of 
sodium ehloride if it be assumed that salt only is present. Neither the solu- 
tion of silver nor the water must be acid ; if the latter is acid, a little sodium 
carbonate must be added. 

Example.—In 100 C.C. of water, a few drops of potassium chromate and 
15 C.C. of silver solution gave a red colour—1°5x 10x 3:55=53. 
milligrammes per litre: 53 x 0-07 = 3°71 grains per gallon. 

This calculation may be shortly performed by multiplying the actual 
number of C.C. used by 2°48, The result is grains per gallon. + 

If it be reckoned as sodium chloride, the factor should be 4:09. This 
process is very useful for determining the amount of salt in various articles of 
food and drink. In water it is extremely so. 


3. Hardness. 


Clark’s very useful soap test offers a ready mode of determining this in a 
manner quite sufficient for hygienic and economic purposes.{ The processes 
with the soap test may be divided into two headings. 

I. The determination of the aggrogate earthy salts, and free carbonic acid, 
as expressed by the term total hardness. The aggregate determination can be 
divided into two kinds of hardness, viz., that which is unaffected and that 
which is affected by boiling, and these are termed the permanent and the 
removable hardnesa, 

IL. The determination of the amount of certain constituents, as the lime, 
magnesia, sulphuric acid, and free carbonic acid. These results are only 
approximative, especially in the case of the magnesia; but they are very use- 
ful, as they give us enough information for hygienic purposes, and are done 
in a very short time. 

Apparatus required for the Soap Test.§$—Burette, divided into tenths of a 
cubic centimeter; measure of 50 C.C. or 100 C.C. ; stoppered bottles of about 
4 ounces capacity. 

Solutions Keqguired.—l. Standard solution of barium nitrate. The 
strength of the standard solution is 0-26 grammes of pure barium nitrate to 1 
litre of water; of the concentrated solution, ten times this strength, or 2°6 





* If 4-788 grammes of nitrate of silver are taken, instead of 17 grammes, and dissolved in 
} litre of water, 1 C.C. will correspond to 1 milligramme of chlorine. ‘This is the strength 
ordered in Dr Macnamara’s scheme, and recommended Ly Wanklyn. Sutton proposes a solu- 
tion half the strength and 50 C.C. of water to be used. 

+ For greater accuracy a correction for colour aap be made, by deducting 0°15 grains per 

Jon from the result as chlorine, or 0°24 as sodium chloride, per gallon. 

¢ The eoap solution here recommended was suggested by Assistant-Surgeon Nicholson, R.A., 
who has also given a complete system of analysis based on the soap test, Chemical Journal, 
December 1862. Clark’s solution may, however, be used. ae 

§ MM. Boutron and Boudet, some years ago, made ‘some modifications in the soap test 
manipulation, and their plan is now commonly followed in the French army, and is termed 
«“ Hydrotimétrie.” J am indebted to this plan for several adaptations,  ' 
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es per litre. In English weights these are 18°2 grains 

the standard, or 18:2 grains to 16 -ounces for the ones ae : T 
part of which has to be diluted with 9 parts of water when used,* 

2. Solution of Soap. Dissolve a piece of soft potash soap of the Pharmn- 

‘copeia in equal parts of alcohol and water ; filter and graduate. Or rub in 

a mortar, emplastrum plumbi of the Pharmacopwia with dry potassium 
carbonate, in the proportions of 150 to 40, or 32 tol; lead carbonate 
and potassium oleate are formed; dissolve in rectified spirit, filter and 
graduate. t 

Method of Graduatin.—Take 50 C.C. of the standard solution of barium 
nitrate ; put into the shaking bottle, and add to it slowly the soap solution 
from the finely graduated burette, shaking vigorously after each addition, and 
placing the bottle on its side. When a thin beady lather, permanent for five 
minutes, is equally distributed over the whole surface, the process is complete. 
Read off the amount of soap solution used; if exactly 2:2 C.C. have been 
used, the solution is correct; if less, the soap solution must be diluted with 
spirit and water. A simple rule will show how much spirit must be added. 
Suppose 1°6 C.C. have been used, and that the whole of the unused soap solu- 
tion which has been made measures 210 C.C., then 


As1l6 : 22 : : 210 : @ 
z = 2887 C.C. 


The 210 C.C. must then be diluted with spirit and water to 288-7 C.C. The 
solution should then be tested once more to see that it is quite correct. 

To avoid trouble, it is best always to make the soap solution too strong 
at first. 

As the accuracy of all the subsequent processes depends on this graduation, 
it is necessary to take the greatest care in the operation. 

In all cases the glasses, burettes, &c., must be perfectly clean; the least 
quantity of acid, for example, will destroy the accuracy of the process. 

Rationale of the Process.—When an alkaline oleate is mixed with pure 
water, a lather is given almost immediately ; but if lime, magnesia, iron, baryta, 
alumina, or other substances of this kind be present, oleates of these bases aro 
formed, and no lather is given until the earthy bases are throwndown. Free 
(but not combined) carbonic acid prevents the lather. The soap combines in 
equivalent proportions with these bases, so that if the soap solution be graduated 
by a solution of known strength of any kind, it will be of equivalent strength. 
for corresponding solutions of other bases. There are, however, one or two 
points which render the method less certain. One of these is, that, in the 
case of magnesia, there is a tendency to form double salts (Playfair and 
Campbell), so that the determination of magnesia is never so accurate as in 
the cases of lime or baryta. Carbonic acid appears to unite in equivalent pro- 
portions when it is passed through the soap solution ; but if it be diffused in 
water, and then shaken up with the soap solution, two equivalents of the acid 
unite with one of soap. 

It being clearly understood that the soap test is approximative (though 
really accurate if carefully used), it will be found an extremely convenient 
plan for medical men, as it demands very little time. 

To avoid the repetition of the term tenth of a centimeter, it will be convenient 
to call each tenth of a centimeter one measure. 


*Solution of calcium chloride, as originally used by Dr Clark, is often recommended, but 
the Barium nitrate is more convenient. 
+ Redwood and*Wood. "By this plan a very pure and unalterable soap solution is obtained. 
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to C.C. or 1 measure Soap solution \ aa Vane oe venlaan 
equals in milligrammes 
‘] magnesia or ‘6 magnesium. 
- 3 ‘2 anhydrous sulphuric acid SO,, or 
‘24 SO,. 
25 calcium carbonate. 
- - 34 calcium sulphate. 
21 magnesium carbonate. 
‘22 carbonic acid CO,, or ‘3 CO; 
"115 sodium. 
$5 ‘3 195 potassium. 
‘177 chlorine. 
oe 0¢ 14 iron. 


Processes with the Soap Test. 


(a) Determination of the total Hardness of the Wuter.—Take 50 C.C. of 
the filtered water; put it in a small stoppered bottle, and add the soap solution 
from the burette ; shaking it strongly until a thin uniform beady lather spreads 
over the whole surface without any break. If the lather is permanent for 
five minutes, the process is complete ; if it breaks before that time, add a drop 
or two more of the solution, and so proceed until a lather be obtained that is 
permanent for five minutes. 

Then read off the number of measures of soap solution used. 

‘rom the totul number of measures (or tenths of a centimeter) used, deduct 
two, as that amount is necessary to give a lather with 50 C.C. of the purest 
water, and this deduction has to be made in all the processes. The soap solu- 
tion which has been used indicates the hardness due to all the ingredients 
which can act on it; in most drinking waters there are only lime and magnesian 
salts, iron, and free carbonic acid. 

The amount of this total hardness is, for convenience, usually expressed in 
this country in the manner proposed by Dr Clark, 7.¢., though dependent on 
various causes, it is expressed as equivalent to so much calcium carbonate per 
gallon, and in Clark’s scale 1 grain of calcium carbonate per gallon is called 1 
degrec of hardness. Express the total hardness, therefore, in degrees of Clark’s 
scale. t 

This is done as follows :— 

Each 0°1 C.C., or in other words, each measure, of our soap solution corres- 
ponds to ‘25mg. of calcium carbonate. Multiply, therefore, this co-efficient by 
the number of measures of soap solution used, and the result is the hardness 
of 50 C.C. of water expressed as calcium carbonate. Then, as we have acted 
on one-twentieth of a litre, multiply by 20 to give the amount per litre, and 
then by 0:07 to bring the amount to grains per gallon. 

Example.-—A lather was given with 5:2 C.C., or 52 measures of the soap 
solution. (52 — 2) x ‘25 x 20x 0-07=17°5 grains of calcium carbonate per 


gallon. 
Hardness expressed as calcium carbonate = 17°:5 Clark’s scale 


(viz., 1° =1 grain of CaCo, per gallon). 


* The numbers of the metals as well as of the oxides are given, gs the custom is becoming 
general of stating the amount of the metals themselves. So also the sulphuric acid may be 
stated as SO, (like chlorine) jnstead of SO,; this also facilitates a calculation of combinations, 
if this is desired. For the same reason, the corresponding quantities of chlorine and sodium 
are given, for the convenience of calculation. 

+ Hardness is now frequently expressed as Dede in 100,000—to convert Clark’s degrees into 
this notation, multiply by 1-43. Conversely degrees per 100,000 may be converted into Clark’s 


degrees, by dividing by 1°43, ( 
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. The same result (viz, grains per gallon) is obtained if th | 
measures (less 2) is multiplied by “35 ; thus, 52 measures were “a ‘ 


(52 — 2) x 35 =17°5, 

If the hardness of the water exceeds 80 measures of the soap solution 9 
C.C. of water only should be taken, and 25 C.C. of distilled water aia 

The result must then be multiplied by 2. ii 

(6) The Permanent or Irremovable Hardness.—Boil a known quantity 
briskly for half an hour, and replace the loss by distilled water from timo to 
time, allow to cool in the vessel, which should be corked, and determine hard- 
ness in 60 C.C. If distilled water is not procurable, then boil 200 C.C. down 
to 100; take half the remainder = (100 of unboiled water) and determine 
hardness.* After deducting 2 measures, divide the number of measures by 
2 for the hardness of 50 C.C., and calculate as usual. 

By boiling, all carbonic acid is driven off; all calcium carbonate, except 
about two grains per gallon, is thrown down ; the calcium sulphate and chloride 
are not affected if the evaporation is not carried too far; the magnesium 
carbonate at first thrown down is re-dissolved as the water cools. If iron is 
present, most of it is thrown down. 

Lxumple.—Before boiling, 52 measures, and after boiling 23 measures, of 
the soap solution were used. 

(23 — 2) x ‘25 x 20 x 0:07 = 7°35 


grains of calcium carbonate per gallon. 

(c) Removable Hardness.—The difference between the total and the per- 
manent hardness is the temporary or removable hardness, which in the example 
would be 17°5 — 7:35 = 10°15 grains of calcium carbonate per gallon. 

The amount of permanent hardness is very important, as it chiefly 
represents the most objectionable earthy salts—viz., calcium sulphate and 
chloride, and the magnesian salts. ‘The greater the permanent hardness, the 
worse is the water. The permanent hardness of a good water should not be 
greater than 3° or 4° of Clark’s scale. 

The determination, then, of 


1. The total hardness, 
2. The permanent or urremovable hardness, 
3. The temporary or removable hardness, 


will enable us to speak positively as to the hygienic characters of a water, as 
far as earthy salts are concerned. ft 


ee eel 


* If there is much fixed hardness this process is hardly available. 

+ Determination of Certoin Coustituents by Soup.—In many cases the analysis must end 
with the above processes ; but it may be desirable to carry it farther, and to determine the 
amount of some ingredients ; for example, lime, nagnesia, sulphuric acid, carbonic acid. 

An approximate estimate can be given of several of these ingredients by the soap test, 
which is sufficient for hygienic purposes ; and any one who has leamed to properly detemnine 
the hardness of a water, will be able to carry on the process into finer details. 

Lime by the Soap Test.—Messrs Boutron and Boudet have proposed, after determination of 
total hardness, to precipitate the lime by ammonium oxalate, and then to determine the hard- 
ness again. The difference will be owing to lime removed. ,The geal here is to add 
enough, and not too much, of ammonium oxalate, which itself in excess gives hardness. 

I have found the best way to perform this process is to have a perfectly concentrated clear 
solution of ammonium oxalate, and to add to 50 C.C. of water 1 drop for every 4 measures 
of soap solution used; then in other bottles, to add respectively, 1, 2, and 3 drops more. 
Then determine hardness of all the bottles, and select the result which gives the least hardness. 
In this way we can hit on the bottle which contains enough, but not too much ammonium 
oxalate. ‘The water need not be filtered, but it should be allowed to stand at least for three 
or four hours, or, better still, twenty-four hours, before the hardness is taken. }, a 

Then multiply the difference between the total hardness and the hardness after the addition 
of the oxalate by the co-efficient for lime; this is ‘14, as each measure of the sosp solution 
is equivalent to thjs amount of lime, 
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Sulphuric Acid by Soap Test.—This plan was proposed by Boutron and 
Boudet, and is briefly as follows :—-The hardness of the water being known, 
50 C.C. of the standard barytic solution (‘26 grammes per litre) are added to 
50 C.C. of water, and the mixture is allowed to stand for 24 hours. The hard- 
ness (supposing no SO, were present) would be exactly equal to the original 
hardness of the water and of the barytic solution combined. But SO, being 
present, barium sulphate is precipitated, and there is a loss of hardness, Each 
degree of loss equals 24 of sulphuric anhydride (SO,). 


Example.—Original hardness, : ' 5 : 62 
50 C.C. barytic solution : : : : 22 


comes 


84 
After precifitation, . . . «. «| W192 
Difference, : 12°8 


24 x 12°8 x 20 x 0-07 = 3°584 grains per gallon of SO, 





Ezxample.—Total hardness, ‘ ‘ ‘ : 52 
After lime precipitated, . ‘ d ‘ 10 
Difference 42 


F ‘ ‘ : ; 
42 measures x ‘14 x 20 x 0°07 = 8 282 grains of lime per gallon. 

Or, to save trouble, potent red the number of measures by ‘196 ; the result is grains per gallon. 

If carefully done this result will be near the truth. 

Magnesia by the Soap Test.—Boutron and Boudet propose to determine the magnesia b 
boiling the water from which the lime has been thrown down. All usual elements of hard- 
ness, except the magnesia, are thus got rid of. This is by no means so accurate a process as 
that of the lime ; the lather is formed much less perfectly and sharply, and in addition the 
constitution of the magnesia and soap compound is variable. The result must be considered 
ue SEpeuneN: but may sometimes be rendered more accurate by diluting with dis- 
tilled water. 

Take 200 C.C. of water; add to it the number of drops of solution of ammonium oxalate 
known to be sufficient by the lime experiment ; allow to stand for twenty-four hours ; filter, 
boil for half an hour, ple loss by distilled water; allow to cool in the vessel, which 
should be well corked, and determine hardness in 50 C.C. 

As the lime has been thrown down and all iron removed, and carbonic acid driven off, the 
hardness is owing to magnesian salts of some kind. ; 

Calculate as magnesia, the co-efficient of which, for each degree of soap solution, is ‘1, or, 
as magnesium, the co-eflicient of which is ‘06. 

Example.—Hardness, after (driving off carbonic’acid by boiling and precipitating lime <11. 

(11-2) x ‘1 x 20 x 0°07 = 1°26 grains of magnesia per gallon. 
Or, to save trouble, multiply the number of degrees by °14; the result is grains per gallon. 

Although this result is approximative, it is really nearer the truth than the determination by 
weighing in the hands of a beginner. 

Free Carbonic Acid by the Soap Test.—In order to get rid of the fallacy from free carbonic 
acid acting on the soap, Clark recommended that the water should be well shaken in a bottle, 
so as to disengage some of the CO,, and then that the air should be sucked out. But this 
does not entirely remove the carbonic acid. 

By the soap test the free carbonic acid can be determined?in the following way: Throw 
down all the lime carefully by ammonium oxalate, without adding an excess, and determine 
the hardness in 50 C.C. as usual. The hardness will be owing to magnesian salts, iron, if it 
exists (or alumina or baryta in mineral waters), and carbonic acid. If, now, the water, freed 
from lime, be boiled, and the loss of water replaced by distilled water, the carbonic acid will 
be driven off. The hardness should be then again determined. The difference between the 
first and second trials will (if no irou exist in the water) give the amount of soap solution 
which had been previously acted on by the carbonic acid. 

Example.—1. Total magnesian and carbonic acid hardness, = 12 me : 
rn Meguesiankatiiel, co fk gee 
& 


Carbonic acid hardness, ‘ . m= 6 _ 
1 measure of soap sol, corresponds to ‘22 milligrammes carbonic acid. Therefore, 
22 x 5x 20 x 0°07 = 1°54 grains per gallon. 
As 2°116 cubic inches weigh one grain, multiply the number of grains by 2°116 to bring into 


ic inches On. 
cubic inches per gall 1:54x 2-116—3-25 cubic inches. ( 


EXAMINATION OF WATER—CHEMICAL, 81 


Usually this process gives good resulta. Occasionally, from some cause of 
which I am ignorant, the barium sulphate does not precipitate. This does not 
depend on the amount of sulphuric acid. The ease with which this process is 
done renders it useful. The barytic solution is only strong enough to precipitate 
6°72 grains of sulphuric acid (SO,) per gallon, so that half the water only 
must be taken, or less, if the sulphuric acid be evidently in large amount.* 

Short factors : for SO, = 0.280, for SO, = 0°336. 


Determination of the Earthy and Alkaline Carbonates by Mohr’s Process. 


This is a very elegant process, and may be useful. 

Prepare a standard solution of sulphuric acid by mixing 4°9 grammes by 
weight of pure sulphuric acid with distilled water up to one litre; 2 C.C. 
will saturate 10 milligrammes of calcium carbonate, Prepare a solution of 
cochineal, by bruising the dried commercial cochineal and digesting it with 
water, which is gently heated, for a short time, Add a little alcohol and filter. 

Process.—Take 70 C.C. of the water to examine, and add a drop or two of 
the cochineal solution, which gives a carmine red colour. Then run in the 
standard acid solution till the colour becomes yellow or brown-yellow. Read 
off the number of C.C. used, and multiply by 5. The result is grains of earthy 
and alkaline carbonates per gallon, stated as calcium carbonate, 

Example.—70 C.C. of a sample of water, reddened with cochineal, required 
3°9 of standard solution to make it yellow :—then 3:9 x 5=19°5 = grains per 
gallon of earthy and alkaline carbonates as calcium carbonate. If the water 
be not alkaline to test paper, the result will represent calcium carbonate only. 
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Or, to shorten the calculation, multiply the number of degrees of soap solution by °65; the 
result is the amount of cubic inches per gallon. 


5x °65=3°25 cubic inches per gallon. 


Tf much iron exists in the boiled water, it must be determined and its amount deducted 
one measure of soap solution corresponds to ‘14 grammes of iron (Fe). 


Determination of Lime and Magnesia by Weight. 

It may be desired to determine the lime and magnesia by weight, and the following processes 
can then be used :— 

Lime by weight.—Take a known quantity of water; add ammonium oxalate, and then 
ammonia enough to give an ammoniacal smell. Allow precipitate thoroughly to subside, and 
then wash by decantation, or by throwing the precipitate on a small filter of Swedish paper, 
the weight of the ash of which is known. Decantation is recommended. If a filter is used, 
wash precipitate on filter ; rt ; scrape precipitate from filter, and place in a platinum crucible ; 
burn filter toan ash, by holding it in a strong gas flame, and place it also in the crucible. 
Heat the crucible to gentle redness for fifteen minutes, moisten with a little water, and test 
with turmeric paper. If no reaction is given, the process is done. Ifthe paper is browned 
(showing presence of caustic lime), recarbonate with ammonium carbonate, drive off excess of 
ammonia, dry, and weigh. 

The substance weighed is calcium carbonate, multiply by ‘56, and the result is lime. 

Mohr’s plan might also be used, viz. :—precipitation of the lime in an ammoniacal solution 
by standard oxalic acid, and then titration of the excess of the latter by permanganate, 

Magnesia by weight.—Take the water from which the lime has been thrown down; evapo- 
rate to a small bulk ; filter if there be turbidity; add solution of ammonium chloride and 
ammonia to slight excess ; then add a solution of sodium phosphate ; stir with a glass rod ; 
set aside for twelve hours ; throw precipitate on a filter, carefully detaching it from the sides 
of the glass ; wash with ammoniacal water; dry ; incinerate in an intense heat ; weigh, taking 
care to deduct the ash of the filter known by previous experiment. The substance is mag- 
nesium pyrophosphate ; multiply by ‘36036 to get the amount of magnesia. 

Sulphuric Acid.—Take a known quantity of the water (500 to 1000 C.C.), acidify with 
hydrochloric acid and evaporate, but not so far as to run any risk of throwing down sulphate 
of calcium ; filter ; andthen add chloride of barium ; allow to stand, and wash the precipitate 
by decantation ; ary weigh ; maply Bibi ae ma by 34805 to get the amount of sulphuric 
mars byt (SO,) or by °411, if it is wished to calculate it as SO,. ; ; 

*If the amount of SO, be small, eveporsece may he resorted to, or the aia method 
mentioned above. ildenstein'’s’ method also gives good results. See Sutton’s volumetric 
analysis, 8d edition, p. 97 ; also Report on the progress of Hygiene, Army‘Medical Reports, Vol. 
xv. p. 183. re . 
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Should the latter be already known {through the hardness), the difference, if 
any, will represent sodium carbonate, and may be calculated out as such. 


4, Determination of Free or Saline Ammonia and Netrogenous 
Orgame Matter. 
(a.) Free Ammonia. 


' Strictly speaking, ammonia is not derived solely from organic matter, as it 
is found in the atmosphere. Organic matter passing into water is, however, 
the chief source, and it seems clear that both vegetable and animal substances 
will give rise to ammonia. ; 

The very delicate test of ammonia discovered by Nessler* was first applied 
to quantitative detérminations by the late Professor Miller and Mr Hadow, and 
more recently has been adopted by Dr Frankland, and by Professor Wanklyn 
and Mr Chapman. It is now very largely used in water analysis, and affords 
a method of determinfg several important constituents. 

Preparation of Nessler’s Solution.—Take 50 grammes of potassium iodide, 
and dissolve in 250 C.C. of distilled water; reserve a small quantity, warm 
the larger part, and add astrong aqueous solution of corrosive sublimate, until 
the precipitate ceases to disappear, then add the reserved solution of iodide so 
as to just dissolve the red precipitate; filter, and add to the filtrate 200 
grammes of solid potash dissolved in boiled water. Dilute to 1 litre, and add 
5 C.C. of a saturated aqueous solution of mercury dichloride. Allow to sub-: 
side, decant the clear liquid, and keep it in a dark place. 

Standard Solution of Ammonium Chloride.—Make a solution of ammonium 
chloride ‘by dissolving 0315 grammes in a litre of water; this is equivalent to 
‘01 gramme of ammonia (NH,) in the litre: in other words, each C.C. will 
represent ‘01 milligramme of ammonia. 

Instead of weighing 0315 grammes, it is best to make a solution of ten 
times the strength (viz, ‘315 per litre=*1 milligramme of NH, for 1 C.C.), 
and to dilute it when required by adding nine parts of water to one of the 
liquid. If sulphate of ammonia is used instead of chloride, the amount is 
"3882 grammes per litro for the strong solution (1 C.C. =°1 milligramme). 

Pure Distilled Water.—TIf distilled water is redistilled, and the first portion 
be rejected, the next portion is usually free from ammonia. Or the water 
may be distilled from potassium permanganate. A good plan, suggested by 
Dr J. L. Notter, is to add phosphoric acid to the water before distilling : this 
fixes the ammonia. Before the test is used, the water should itself be tested 
with Nessler's solution, and it should be also certain that it contains no 
organic matter which can furnish ammonia. It should also be free from CO,, 
which interferes with the sharpness of the reaction. 

These solutions being ready, the following process is gone through :— 

Place in a retort 250 C.C. of the water to be examined, and 5 C.C. of 
saturated sodium carbonate solution (although Wanklyn says that this, as a 
rule, is not necessary). Attach the retort to a Liebig’s condenser, and distil 
off about 120 C.C.; carefully measure the amount of distillate; test a little 
with Nessler’s solution in a test-tube ; and, if the colour be not too dark, take 
100 C.C. of the distillate and put it into a cylindrical glass vessel, placed 
upon a white plate or piece of white paper. Add to it 14 C.C. of Nessler. 
Put into another similar cylinder as many €.C. of the standard ammonium 
chloride solution as may be thought necessary (practice soon shows the 
there are 17 parts of ammonia in 559, so that multiplying the weight of the p 


* The brown recipitate produced by Nessler's solution has the composition NHga Jy OE, 
e precipitate by 
(viz., af) gives the weight of theammonia, 
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gal and fill up to 100 C.C. with distilled water: drop in 14 C.C, 
of N: . If the colours correspond the process is finished, and the amount 
of ammonium chloride used is read off. If the colours are not the same, add 
a little more ammonium chloride so long as no haze shows itself,-if it doce, 
then « fresh glass must be taken and another trial made, When the process 
is completed read off the C.C. of ammoniunr: ‘chloride used, allow for tho 
portion of distillate not used, multiply by 0°01 an 
milligrammes of free ammonia per litre, or parts 

Example.—From 250 C.C. of water 123:-w 
taken for the experiment; 4°5 C.C. of ammoni' 







required to give the proper colour; then hy 
milligrammes of free ammonia per litre. .'@® 


Should the colour of the distillate prove too @ark, ¥ small meaty may 
be used, and’ made wexto 100 C.C. with d Ned? ; om- 
mends distilling only 50 C.C., Nesslerising it, and th one-third to 
the result, on the ground that (as he says) three-fourths of the ammonia come 
off in the first 50 C.C. He also says that with smaller sized apparatus 100 
C. “3. water gives satisfactory results. (See “ Water Analysis,” 4th edition, 
p. 43). 

The use of permanent coloured solutions, corresponding with known 
amounts of ammonia, has been recommended, and caramel has been tried at 
Netley. As yet the results have not been very satisfactory. Captain Abney, 
R.E., F.R.S., has also suggested a graduated prism, filled with weak solution 
of coffee, for the purpose. NAWAE SALAR JUNG BAHADUR 

When a Liebig’s condenser cannot be obtained, a flask may be used instead 
of a retort, and the distillate conveyed to tho receiver by a tube of glass (or 
block tin) passing through a vessel of cold water, which must be renewed 
from time to time. The tube may be bent in any convenient way so as to 
expose it to the cooling watcr as much as possible. Every part of the 
apparatus must be scrupulously clean and wel] washed with distilled water. 
It is well to wash the retort, flask, and glass tubes with dilute sulphuric acid, 
and then rinse out clean with distilled water. In distilling, the retort should 
be thrust well into the flame, and the distillation carried on rapidly. 

The “free” or “saline ammonia” represents the ammonia combined with 
carbonic, nitric, or other acids, and also what may be derived froin urea, or 
other easily decomposable substances, if they are present. The limit in good 
waters is taken at 0°02 milligrammes per litre; in bad waters it often 
reaches 100 times this and more. (See Wanklyn’s “ Water Analysis,” 4th 
edition, p. 34 ef. seq.) 

After the distillation of the free ammonia, the residue of the water in the 
retort is to be used for determining the albuminoid ammonia, to be now 
described. 


4m 02214 







(b) Albuminoid Ammonia. 


The object of this process is to get a measuro of the nitrogenous organic 
matter in water, by breaking it up and converting the nitrogen into ammonia, 
by means of potassium permanganate in presence of an alkali: the ammonia 
ean be distilled off and estimated as above. 

Process.—-A. solution of permanganate of potassium and potash is prepared, 
by dissolving 8 grammes of permanganate and 200 grammes of solid caustic 
potash in one litre of water, and boiling thoroughly to expel any ammonia 
and destroy any nitrogenous matter. 28 C.C. of this solution are added to 
the reakdue in the retort, after the distillation of the free ammonia, and about 
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110 to 120 C.C. distilled off. It is sometimes convenient to add a little pure 
distilled water to the residue if the first distillation has been carried rather 
far. Wanklyn recommends successive quantities of 50 C.C. to be distilled 
off and tested until no more ammonia comes over. Determine the amount of 
ammonia, as was done in the case of the free ammonia, and state the results 
in this case as albuminoid ammonia. In this distillation there is sometimes 
a little difficulty catfsed by “bumping,” especially in the case of bad waters : 
to remedy this bi) “has been recommended to use pieces of tobacco pipe or 
charcoal.* It is better, however, to dilute the water if it be a bad one, and 
not to distil too rapidly. 

A good deal of controversy has taken place as to the significance of this 
test, some chemiste*tenying that all the nitrogen is obtained. Wanklyn, 
however, insists that what is obtained is a constant quantity, and that ten 
times the ammonia represents fairly accurately the nitrogenous organic matter. 
Although it may n@ébe perfectly accurate, it seems better adapted for 
hygienic purposes than Frankland’s method, which requires apparatus of a 
complicated and costly character, besides being liable to wide limits of error. 
With Wanklyn’s process a bad water is not likely to escape detection,—in 
the words of Hassall, “a bad water will appear bad, and a good water will 
appear good, although the absolute quantities of organic matter cannot be 
thus determined.” (‘ Adulterations Detected,” 1876, p. 82.) 

The standard limit of albuminoid ammonia in good water is 0:08 
milligrammes per litre, but Wanklyn thinks anything above 0-05 objection- 
able if the free ammonia be large. He classifies waters into three classes, + 
viz. :—Class I., waters of extraordinary organic purity, containing from 0:00 
to 0-05 of albuminoid ammonia. Class IZ, comprehends the general drinking- 
waters of this country, giving from 0:05 to 0°10 of albuminoid ammonia. 
Such water is safe organically. Class III, the dirty waters, yielding more 
than 0°10 of albuminoid ammonia. This last seems to be rather too sweep- 
ing a statement. Although animal matter is the chief source of albuminoid 
ammonia, it may be yielded by vegetable as well. Decaying leaves produce 
it (Parkes), also peat (Dearing, Abel, Thorp, Russell). Much albuminoid 
ammonia (which generally comes over slowly), little free ammonia, and almost 
entire absence of chlorides, is indicative of vegetable contamination.” 
(Wanklyn). In the Leek workhouse persons drinking such a water (free 
ammonia 0°02, albuminoid 0°34) suffered from diarrhoea. There was only 
0°5 grains of chlorine per gallon. In the water of a pond in Perthshire [ 
found: free ammonia 0-36, albuminoid 2-00 milligrammes por litre, and 
chlorine only 0°62 grains per gallon. This had been used for many years 
without any bad effects observed. (F. pr C.) 

In well-waters in villages there is often a large amount of albuminoid 
ammonis.t Wanklyn found in the Thames at Hampton Court 0°28, at 
London Bridge at high tide 0°59. Dr Palmer found the tank water in 
Calcutta to vary according to the time of year and amount of rain, the greatest 
impurity being in May and June, the hottest and driest time. ‘The tank 
supplying the Bengal Club showed in November 0:38, in May 0°50 and in 
June 0°62. The water of the Hooghly, 16 miles above Calcutta, had in 
December 0°10, in May 0°14, and in June 0°10. 

It has sometimes been suggested to distil off at once the tofal ammonia by 
the process with permanganate and potash. Dr Macnamara mentions that 
this was done daily in Calcutta for a considerable time, and that “by ite use 


* Both must be heated to redness immediately before use, 
+ Water Analysis, 4th ed. p. 84. 
+ For examples, see my Lectures on State Medicine, p, 78, table tii.» [F.deO.] - 
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any faulty action in the filtering beds of the municipal water-works was at 
once detected.” 


5. Oxidisable Matter in Water. 


The oxidisable matter in water consists of oxidisable organic matter, 
nitrites, ferrous salts, and sulphuretted hydrogen. The last can be easily 
recognised by the smell, and got rid of by gently warming the water. 
Ferrous salts are rare, but, if present, they impart a distinct chalybeate taste 
to the water if their amount reaches the fifth of a grain of iron per gallon 
(about 3 milligrammes per litre). Generally their presence may be disregarded. 
There remain, therefore, the oxidisable organic matter, and nitrous acid as 
nitrites. For determining these the potassium permanganate is very con- 
venient. > 

(a) Total Oxidisable Matter in terms of Oxygen required for its Oxidation. — 
A solution of potassium permanganate is made by dissolving 0°395 grammes 
of the crystallised salt in one litre of water. In presence of an acid each 
C.C. of this solution is capable of yielding 0:1 milligramme of oxygen. To 
test its accuracy a standard solution of oxalic acid is made by dissolving 
0-7875 grammes of crystallised oxalic acid in one litre of water: 100 C.C. 
acidulated with dilute sulphuric acid, and warmed, should exactly decolorise 
100 C.C. of permanganate solution. 

Process.*—Take a convenient quantity of the water to be examined, say 
250 C.C.; add 5 CC, of dilute sulphuric acid (1 to 10); drop in the 
permanganate solution from a burette until a pink colour is established ; warm 
the water up to 140° Fahr. (60° C.), dropping in more permanganate if the 
colour disappears ; when the temperature reaches 140° Fahr. remove the lamp ; 
continue to drop in permanganate until the colour is permanent for about ten 
minutes. Then read off the number of U.C. used, multiply by 0:1 to get the 
milligrammes of oxygen, and by 4 to get the amount per litre. 

Example.—250 C.C, of water, with 5 C.C. of dilute sulphuric acid, re- 
quired 3°5 C.C. of permanganate to give a permanent colour ; 3°5 x 0-1 x4=1°4 
milligrammes of oxygen per litre required for total oxidisable matter. { 

It must be remembered that this includes both organic matter and nitrous 
acid. We must now differentiate these. 

(4) Organic Oxidieable Matter in terms of Oxygen required for tts Oxida- 
tion.—Take 250 C.C. of water to be examined ; add BY@.G, of Tink sulphuric 
acid as above; boil the water briskly for 20 minutes; then allow it to coo. 
down to 140° Fahr. (60° C.); then add the permanganate until a pink colour 
is established for ten minutes. Calculate out the oxygen as above, stating 
the result as milligrammes per litre required for oxidisable organic matter, or, 
shortly, as organic oxygen. 

The rationale of this process is the driving off of the nitrous acid by boiling 
with sulphuric acid. It is ascertained that this can be done without decom- 
position. 

(c) Nitrous Acid.—This can now be determined easily by calculating from 
the difference between the two preceding processes. Each milligramme of 
oxygen represents 2°875 milligrammes of nitrous acid; we must therefore 
multiply the difference by this factor, and the result is nitrous acid in 
milligrammes per litre. » ss 

Example.—A sample of water yielded, (by process (a), 1:4 milligrammes 
of oxygen per litre ; by process (b), 0°75. Then we have 1°40 - 0-75 =0°65 = 
SST TES AN NURI SB he, SIREN 5 Rn IO Bk CEN ed RE NPE Ce me 

¢ As recommended by Dr. Woods, late R. A., Journal of the Chem. Society, 186 


y, 1861. 
+ If special accuracy is required, a correction for colour may be made, by deducting 0°06 
from the result st@ted as milligrammes of oxygen per litre, 
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milligramntes of oxygen required for nitrous acid: 0°65 x 2875 «1°87: 
milligrammes per litre of nitrous acid (NO,). 

Hassall* has suggested an improvement on the above process (De 
Chaumont’s), namely, instead of boiling away the nitrous acid, to distil it 
over and determine it directly in the distillate. Fresenius proposes a some- 
what similar plan, only using acetic acid for the distillation, and then sul- 
phuric acid for the subsequent titration. Paul’st plan is, to precipitate the 
organic matter with aluminous chloride and sodium carbonate, evaporate 
slowly down, decant, add distilled water, and determine with the permanga- 
nate in the cold. This is a more tedious process, and does not seem to be 
tore accurate. 

One or two precautions are necessary in the permanganate processes. In 
proeess (a) permanganate must be added to the water from the very commence- 
ment, in order not to lose nitrous acid, which may be driven off as the water 
ig being heated. The faintest tinge of colour that van be distinctly seen ought 
to be accepted, provided it remain for ten minutes. Care must be taken to 
add the sulphuric acid in every case at the beginning ; if this is not done a 
brown colour is struck which spoils the experiment. Sometimes this colour 
appears, even after acid is added, and is then probably due to excess of organic 
matter; dilution with distilled water sometimes remedies this. The water 
should be freed from sediment by subsidence and decantation. The perman- 
ganate acts upon the india-rubber tube of the common burette, therefore it is 
well always to run off what has been in contact with it before beginning, or 
to use a burette with a glass stop-cock. 

The permanganate process is the only one (except Frankland’s) that gives 
us any measure of the oxidisable organic matter in water, and is, in 
the present state of our knowledge, indispensable, imperfect though its indica- 
tions may be. It is certainly an aid to our judgment of the condition of a 
drinking water, being to Frankland’s carbon process something the same as 
the albuminoid ammonia method is to his nitrogen one. None gives 
us thoroughly trustworthy information, but for the army or navy medical 
officer, or any one not provided with a well appointed laboratory, the perman- 
ganate process, combined with Wanklyn’s, gives as much information as is 
likely to be got at present, and sufficient for hygienic purposes. Jt must be 
remembered that the permanganate does not act upon fatty substances, starch, 
urea, hippuric acid, creatin, sugar, or gelatine. 


Action of Permanganate in presence of an Alkali. 


In order to avoid some of the fallacies and inconveniences of the test with 
acid, F. Schultzet has tried the following plan, which has been alightly 
modified by Lex. Five or more vessels, each containing 60 C.C. of the water 
to be examined, are taken, and to each 2 C.C. of thin milk of lime are added, 
and then 1, 2, 3, 4, 5 C.C. &c, of the permanganate solution (viz., -395 
grammes per litre) are added and left for two hours. Atthe end of that time 
some of the samples will be decolorised, others still coloured; if No. ] and 
No. 2 are colourless, and No. 3 is coloured, then the amount of permanganate 
destroyed is between 2 and 3 C.C. As in the cold each equivalent of 
permanganate only gives off 3 (not 5 atoms) of oxygen, each C.C. corresponds 
not to ‘1, but to 06 milligrammes of oxygen.§ It ia for this reason that 60 


* Adulterations Detected, 1876, p. 84. 
+ Watt's Dictionary of Chemistry Vol, V. p.1082. t Roth and Lex, op, ct. p.91, 
§ With sulphuric acid the following is the reaction: — 
_. 2(KMn0,) + 3(H,80,) = K,80, + &Mn80,) + 8(H,O) + 0, 
‘ without acid the reaction is: . 
2(KMn0;) + H,O — &MnO,) + AKHO) +0, ° 
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C.0, of water are taken instead of 100, for it is clear that if 1 C.C. of the per. 
_ manganate solution gives only 06 milligrammes to 60 C.C., it is the same as 

‘1 to 100 C.C. of the water. The calculation of the results is thus easy ; if, 
for example, Nos. 1 and 2 are decolorised, while No. 3 is coloured, the amount 
of oxygen required is between ‘2 and ‘3 milligrammes for 100 C.C., or 2 and 
3 per litre. If 60C.C. of a water take less than 3 C.C. of the permanganate 
solution to give it a colour permanent for two hours, Lex considers that it isa 
good water as far as this teat is concerned ; if 3 and 4 C.C. are required it is 
a medium water, and if the 5. C.C. do not give a colour the water is bad. 

(a) Nitric Acid.—The most convenient process for determining this is 
Wankyln and Chapman’s modification of Schulze’s process, which consists in 
converting the nitrogen acids into ammonia. We require caustic soda 
perfectly free from nitrates (which can only be got by dissolving metallic 
sodium in pure distilled water, 2 grains to 100 C.C. of distilled water) ; and 
sheet aluminium. 100 C.C. of the water to be examined are mixed with an 
equal bulk of the alkali solution, and a piece of aluminium foil, larger than 
is capable of dissolving, is placed in it and left for several hours. At the end 
of the time the liquid is distilled in a small retort and Nesslerised if the 
ammonia be moderate in amount, or determined by a standard acid solution, 
if it be large (Wanklyn). In this process the ammonia that comes over is 
made up of the free or saline ammonia present in the water, and that which 
results from the reduction of both nitric and nitrous acids. We canapply the 
necessary corrections if we have ascertained the amount of free ammonia and 
of nitrous acid by the other processes, Thus, let us suppose that we have 
found in a sample of water 0-052 of free ammonia, and 1:27 of nitrous acid ; 
dividing the latter number by 2°706 we get the amount of ammonia that 
would result from the nitrous acid alone,—in this case 0°469. If we obtained 
by the aluminium process 3°371 of total ammonia, we should have: 


3°371 —0:052 — 0-469 = 2°850 ammonia from nitric acid. 


To convert this into nitric acid we must multiply by 3°706 for HNO,, by 
3°647 for NO,, or by 3°176 for N,O;; so that in the above case we should 
have 10°562 of HNO,, or 10°394 of NO, or 9-052 of N,O,; all in 
milligrammes per litre. 

6. The determination of sulphuric acid has already been referred to (page 
80). 
a is seldom required to be determined quantitatively, but it may be done 
by a colorimetric test (as suggested by Wanklyn). Either the water may be 
tested directly, or, what is better, the incinerated residue of the solids may be 
treated with hydrochloric acid, and made up to 100C.C. with distilled water. 
A cubic centimeter of solution of ferrocyanide of potassium is added, which 
will strike a blue colour. A comparative experiment with a standard solution 
of iron may be made. (See under Alum in Bread.) This is a better process 
than the permanganate method, which with small quantities of iron gives very 
uncertain results. 

Silica may be determined from the incinerated residue, by treating it with 
strong nitric or hydrochloric acid, evaporating to dryness, and again treating 
with acid ; distilled water (about 50 C.C.) is then added, and a little heat 
applied till everything soluble is dissolved ; the residue is silica, which may 
be collected on a small filter, ignited and weighed. A number of Indian 
waters contain considerable quantities of silica, either combined or in the sus- 
pended matter.* 





* Dr Nicholson, %.A., has notioed that the water at Kamptee, both frum the river and from 
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: Lead, Copper, Arsenic, Zine.—The mere presence of these metals is enough 
to condemn a water, therefore it will seldom be necessary to determine them 
quantitatively. 


Inferences from the Quantitative Tests. 


The conclusions to be drawn from the qualitative tests (page 72) hold good 
for the quantitative, only greater precision is given. It is necessary not to be 
satisfied with a single test, but to collate the evidence derived from several. 
For example, a large quantity of nitric and nitrous acids with much oxidisable 
and nitrogenous organic matter, and much chlorine, show recent sewage 
impregnation ; while a large amount of nitric acid and little oxidisable organic 
matter show that more or less complete conversion of organic matter has taken 
place. Much albuminoid Smmonia and nitric acid, with little free ammonia 
and little chlorine, show vegetable impregnation ; whilst much albuminoid 
and free ammonia, nitric and nitrous acids, with little chlorine, show 
contamination by gaseous emanations. The determination of the chlorine is 
especially important, as it is done so rapidly and accurately that it affords 
a good test of alterations in the water; and if at every station this quantita- 
tive test were frequently done, and the qualitative tests were also noted, 
the entrance of sewage or other impure matters containing chlorine would be 
easily detected. Next tothe chlorine the varying amounts of free ammonia, 
as tested without distillation, where it can be done, would give useful indica- 
tions, with a very little expenditure of time, provided the amount usually 
present in the water was known. The water, not only of streams, but of 
shallow wells, is much influenced in composition by rain, and this has to be 
taken into account. In all cases the microscopic conditions ought to be care- 
fully noted, when possible, and considered in drawing deductions from the 
chemical results. It is of great importance that water should be examined, 
when it can be done, on the spot where it is obtained. At all events the 
fullest possible information about its source and surroundings should be got 
before giving an opinion based on the examination. 


General Statement of the Results of the Water Analysis.* 


The analysis can be stated in any convenient form, and the quantities given in 
grains per gallon or in milligrammes per litre. 


The following is the Furm of Report at present used at Netley :— 
Report on a sample of Drinking-water. 


DPAWR foto vases aesacte eters 187 
LOO 055502 esas ec case neon Received .........scececeeeens 187 
OUNCE sein Sse nennesesieeeseusaenieee Siac aians ved oatiecensoatnass 
Physical Characters. 
Colour (through 18 inches)...........666 DUBURG 55 ce outt Sticscence se eacnnsauas 
DUPDIGY. <sccsnacessvskannsyeenietsses Taste....... give sidacecyashaatiuah gees 
SeGIMeON6 6 occevcsessassesaiakeemigenncaees SS MGM cecaewicoreeemerseseeetsncrnawnes 


wells, contains from 2 to 6 grains per gallon of silica derived from micaceous gravel; it is com- 
bined with magnesia, and it renders the soap test inapplicable. 

* For details of further processes reference may be made to Sutton’s Volumetric Analysis, 
$d edition ; Wanklyn’s Water Analysis, 4th edition ; or Hassall’s Adulterati#n Detected, 1876, 
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Qualitative. 
DAM Gusts caso ne cansrussaaanoi doe: AMIMONIG shi ccae sedis eae iesian: ‘ 
Magnesia ............ccccceececeeceeees INIEPIG ACI iigai-dis cipesenescenasdssveleacs 
CHIOPING a spcctitis cr es ecetaauttcutaaits Nitrous acid ................ccceeseeeeeees 
Sulphuric acid ...............ceseeees Organic matter ..............c.ceseeeeeeee 
Phosphoric acid..............0c.ce e008 YON Geta dacpiee eee en aes ound sccnes 
Lead OF COpper........cscseeeesecn eens MING frases rasastecnnsenwnicatdestaiduas 
Hardness, A OWA sissies Sstucosuiiaalegialev each sida vaio ccedsinadaes Degrees 
PXOG. cs seats rasicaes arate sa vhasslentaeeaibeneintapenness of 
Temporary or Removable................cseeeeeeees Clark's scale, 
Quantitative. ® grains per gallon. 
Volatile matter [by incineration and after recarbonating] ..................... 
Oxygen required for organic matter..................668 
a AmMMOnIA, FEO ..ccccccserecccnnccccncceccussccsccenessienes milli- 
4 Do., albuminoid ...............cccceeeeeeeteneeenees orammes 
E | Nitto AGld oda sssdsasinnsssasedns ccaomemeanandevistenaes per litre. 
INVRPOUR  BCIG sisiessces or steiiekaeatcineatteteoedesaia tetas 
ChIOMNG. 2. cis ceasovuinuicacensen vesuau credit esutnaseandes Mh tad tee ee eidaiapuseeeesetewss 
Sodium (combined with do.) .........ccccsscseeseseeeeeeeeeeeesseeeeseeeeeenseseees 
Calelim Car bON Bteisecijacssuivdienssenloiaianiecgadvenaten wreneee aeons sha aaacnaes 
Fixed hard salts (estimated as calcium carbonate) ..............ccsceeeseeeenees 
AU ONUIMC DOIG 50% vacqiccortencacaswend iaeeie chanseanertes sauectiandaotncwaenle dae: 
* Alkaline carbonates, GC. ........c.ccccccece ec ec eee ee ee eeeeeec eect eeeseeneeeeteeeees 
PO UICO, A UMMA, OrOsiiis vag enerecne sede ataee ne ae townie musioetacadisiicosn, 
Total solids by evaporation..............ccsccceeees esses eeseeeeneeenesaens 
AMficroscopic characters and remarks, ——ccserccavsceccccssnevcercetcneuceereeeees 


Examination of Water suspected to be contaminated with the discharges 
Srom Cholera or Typhoid Patients, or with Marsh Water. 


The examination of water contaminated with cholera discharges is a most 
difficult process. If choleraic stools are added in some quantity the water 
becomes distinctly hazy, and in places where cholera prevails anything like 
decided haze should lead to the disuse of the water. If, however, the choleraic 
discharge is in small amount, the transparency of the water may be unchanged, 
and in this case it is certain that no chemical test would detect what might 
be a sufficient amount of cholera poison to cause the disease. Fortunately we 
have a microscopic test of value. Dr C. Macnamarat has stated that in 
water contaminated with cholera discharges vibriones appear with great 
rapidity, and the water is dangerous during this period of active vibrional 
growth. This observation, made by a careful observer, should certainly be 
attended to; the water should be carefully examined for vibriones with high 
powers (1000 to 1200 diameters), and if they are present should be at once 
rejected. Pasteur’s fluid may also be used, and would probably become 
turbid in a very short time, and this might be an additional test. When the 
vibrional stage is replaced by the appearance of ciliated infusoria, the water, 
according to Macnamars, is no longer dangerous. 

In the case of the discharges of enteric fever entering water, the amount of 


—oed 





* When these constituents have not been determined in detail, they can be grouped together 
under the head of “‘ other substances.” 
_ ‘$ On Asiatic Chofera, 1870, pp. 880 and 397, 
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the discharge is usually large, and the water is rendered perceptibly foul to 
smell and taste; chemical evidence of sewage (excess of ammonia, chlorine, 
phosphoric acid, and oxidisable matters) seems to be usually attainable. 
Although no observation has been made on the point, it seems likely that, as 
vibriones exist in great number in the typhoid stools, they would, as in the 
case of cholera, be found in the water. : 

In the case of marsh water, again, there is always abundance of vegetable 
and animal life, and in heating the water the peculiar marshy smell may often 
be perceived. Tiemann notices that phosphoric acid is sometimes found in 
large quantities in water from marshy meadows. 


_ SECTION VI. 
Sus-Srorrow L—Suarce arrm Warn. 


Occasionally a medical officer may be in a position in which he has to search 
for water. Few precise rules can be laid down. 

On a plain, the depth at which water will be found will depend on the 
permeability of the soil, and the depth at which hard rock or clay will hold 
up water. The plain should be well surveyed ; and if any part seems below 
the general level, a well should be sunk, or trials made with Norton's tube- 
wells. The part most covered with herbage is likely to have the water 
nearest the surface. On a dry sandy plain, morning mists or swarms of 
insects are said sometimes to mark water below. Near the sea, water is 
generally found ; even close to the sea it may be fresh, if a large body of fresh 
water flowing from higher ground holds back the salt water. But usually 
wells sunks near the sea are brackish; and it is necessary to sink several, 
passing farther and farther inland, till the point is reached where the fresh 
water has the predominance. 

Among the hills the search for water is easier. The hills store up water, 
which runs off into plains at their feet. Wells should be sunk at the foot of 
hills, not on a spur, but, if possible, at the lowest point ; and if there are any 
indications of a water-course, as near there as possible. In the valleys among 
hills, the junction of two long valleys will, especially if there 1s any narrowing, 
generally give water. The outlet of the longest valleys should be chosen, and 
if there is any trace of the junction of two water-courses, the well should be 
sunk at their union. In a long valley with a contraction, water should be 
sought for on the mountain side of the contraction. In digging at the side 

of a valley, the side with the highest hills should be chosen. 

Before commencing to dig, the country should be as carefully looked over 
as time and opportunity permit, and the dip of the strata made out, if 
possible. A little search will sometimes show which is the direction of fall 
from high grounds or a water-shed. 

If moist ground only is reached, the insertion of a tube, pierced with holes, 
deep in the moist ground, will sometimes cause a good deal of water to be’ 
collected. Norton’s American tube well (page 7) gave satisfaction in Abys- 
sinia, although it did not succeed so well in Ashantee. A common pump 
will raise the water in it if the depth be not more than 24 or 26 feet; if 
deeper, a special force pump has to be used. : 


Sus-Sscrion I.—Sprorat ConsipBRaTIoNs ON THE SuprpLy or WatTER 
To SOLDIERS. 


In barracks and hospitals, and in all usual stations, all thathas to be done 
sd 


During marches each soldier carries a water-bottle. He should be taught 
to re-fill it with good water whenever practicable; a little flannel bag, into 
which charcoal may be sewn, can be placed at the opening so as to strain the 
water.* If the water is decidedly bad, it should be boiled with tea, and the 
cold tea drunk. The exhausted leaves, if well boiled in water, will give up a 
little more tannin and colouring matter and will have a good effect ; and if a 
soldier would do this after his evening meal, 
the water would he ready for the next day’s 
march, Alum and charcoal should be used. 
Small charcoal or sandstone filters with elastic 
tubes (fig. 4.) at the top, which draw water 
through like siphons, or through which water 
can be sucked, are extremely useful, and are 
now much employed by officers. They have 
been largely used by the French soldiers in 
Algiers. The Austrian soldiers were formerly 
supplied with two boards pierced with holes, 
and with compressed sponges between them, 
and they poured their water through this, Fig. 4. 

They also used sandstone and pumice-stones. 

Soldiers should be taught that there is danger in drinking turbid water, 
as they will often do when they are overcome with thirst. Not only all 
sorts of suspended matters may be gulped down, but even animals. On 
some occasions, the French army in Algiers has suffered from the men 
swallowing small leeches, which brought on dangerous bleeding. The leeches 
which are so small as to look merely like small bits of vegetable matter, 
fixed in the pharynx, the posterior nares, &c., more rarely in the larynx, caus- 
ing repeated hemoptysis, epistaxis, or asphyxia, 

If water-carts or water-sacks are used, they should be regularly inspected ; 
every cart should have a straining filter of pure sand, through which the water 
should pass. The carts and skins should be scrupulously clean. The water- 
carriers, or bheesties, in India should be paraded every morning, and the 
sources of water inquired into, 

When halting ground is reached, it may be necessary to filter the water. A 





* I have pro for adoption into the service a water-bottle with twa openings ; the larger 
is provided with a flannel bag, into which, if necessary, a litfle bit of sponge can be placed, and 
thus all the coarser suspended matter arrested ; a screw closes this opening ; the stualler 
is used for drinking, and is closed by a plug secured by a little chain. (The Italian water- bottle 
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common plan is to carry a cask, charred inside, and pierced with emall holed 
at the bottom ; it is sunk in a small stream, and the water rises through the 
holes, A better plan still is to have two casks, one inside the other; the 





Fig. 5. Fig. 6. 





Fig. 7. Fig. 8. 


outer pierced with holes at the bottom, and the inner near the top; the space 
between is filled with sand, gravel, or charcoal, if procurable ; the water rises 
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through the gravel between .the barrels, and flows into the inner barrel. In 
the French army it is ordered ¢ that, if other means cannot be procured, fresh 


+ Code des Officiers de Santé. Par Didiot. P. 515, ¢ 
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and inodorous straw. be taken, and chopped fine, and pressed at the bot 

of a tube pierced with holes ; if possible, charcoal is to be intercalated ties 
the straw. Great care must be taken to have the straw pure, and to change 
it often. Other simple plans are given in the drawings, which need little 
description. Figs. 5 and 6 speak for themselves. Fig. 7 isa barrel connected 
by a pipe with a supply above; the water rises through sand and charcoal, 
and is drawn out above ; the barrel is fixed on a winch, and the supply pipe 
being removed, and the hole closed, a few turns of the handle clear the sand. 
Fig. 8 is a simple contrivance, which may be made 
of wood or tin. Figs. 9 and 10 show Crease’s field 
filter in use, either as a hand filter (fig. 10) or con- 
nected by an india-rubber tube to a bucket of un- 
filtered water placed in acart (fig. 9). It acts with 
great rapidity and gives good results. 

In the field, the medical officer may be sent on to 
give a report of the quantity and quality of any 
source. Before the troops arrive he should make 
his arrangements for the different places of supply ; 
men and cattle should be watered at different points ; 
places should be assigned for washing; and if re- 
moval of excreta by water be attempted, the excreta 
should flow in far below any possible spring ; in the 
case of a spring, several reservoirs of wood should 
be made, and the water allowed to flow from one 
to another—the highest for men, the second for . 
cattle. If it is a running stream, localities should 
be fixed for the special purpose; that for the Fiz. 10 
men’s drinking-water should be highest up the ae 
stream, for animals below, washing lowest ; sentries should be placed as soon 
as possible. The distribution of water should be regulated ; streams are soon 
stirred up, made turbid, and the water becomes undrinkable for want, perhaps, 
of simple management. 

Wherever practicable, the reservoirs or cisterns which are made should be 
covered in; even if it is merely the most flimsy covering, it is better than 
nothing. 

In sieges the same general rules must be attended to. The distribution of 
the water should be under the care of a vigilant medical officer. Advantage 
should be taken of every rainfall ; fresh wells should be dug early ; if necessary, 
distillation of brackish or sea-water must be had recourse to. 





CHAPTER II. 
AIR. 


Ir might be inferred from the physiological evidence of the paramount import- 
ance of proper aeration of the blood, that the breathing of air rendered impure 
from any cause is hurtful, and that the highest degree of health is only pos- 
sible when to the other conditions is added that of a proper supply of pure 
air. Experience strengthens thisinference. Statistical inquiries on mortality 
prove beyond a doubt that of the causes of death which usually are in action, 
impurity of the air is the most important. Individual observations confirm 
this. No one who has paid any attention to the condition of health, and the 
recovery from disease of those persons who fall under his observation, can 
doubt that impurity of the air marvellously affects the first, and influences, 
and sometimes even regulates, the second. The average mortality in this 
country increases tolerably regularly with density of population, Density of 
population usually implies poverty and insufficient food, and unhealthy work; 
but its main concomitant condition is impurity of air from overcrowding, 
deficiency of cleanliness, and imperfect removal of excreta, and when this 
condition is removed, a very dense and poor population may be perfectly 
healthy. The same evidence of the effect of pure and impure air on health 
and mortality is still more strikingly shown by horses; for in that case the 
question is more simple on account of the absolute similarity in different 
periods or places of food, water, exercise, and treatment. Formerly, in the 
French army, the mortality among the horses wasenormous. Rossignol* states 
that, previous to 1836, the mortality of the French cavalry horses varied from 
180 to 197 per 1000 per annum. ‘The enlargement of the stables, and the 
“increased quantity of the ration of air,” reduced the loss in the next ten years 
to 68 per 1000. In the Italian war of 1859, M. Moulin, the chief veterinary 
surgeon, kept 10,000 horses many months in barracks open to the external 
air in place of closed stables. Scarcely any horses were sick, and only one 
case of glanders occurred. } 

In the English cavalry (and in English racing stables) the same facts are 
well known. Wilkinson § informs us that the annual mortality of cavalry 
horses (which was formerly great) is now reduced to 20 per 1000, of which 
one-half is from accidents and incurable diseases. Glanders and farcy have 
almost disappeared, and if a case occurs, it is considered evidence of neglect. 

The food, exercise, and general treatment being the same, this result has 
been obtained by cleanliness, dryness, and the freest ventilation. The ven- 
tilation is threefold—ground ventilation, for drying the floors ; ceiling ventila- 
tion, for discharge of foul air; and supply of air beneath the horses’ noses, to 
dilute at once the products of respiration. 





* Traité d’Hygiéne Militaire. Paris, 1857. 
+ Wilkinson, Journal of the Royal Agricultural Society, No. 50, p. 91, ef seq, 
+ Larrey, Hygidne des Hip. Mil. 1862, p. 68, § Op .ctt, 
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In cow-houses and kennels similar facts are well known ; disease and health 
are in the direct proportion of foul and pure air. 

The air may affect health by variations in the amount or condition of its 
normal constituents, by differences in physical properties, or by the presence 
of impurities. "While the immense effect of impure air cannot be for a moment 
doubted, it is not always easy to assign to each impurity its definite action. 
The inquiry is, in fact, in ita infancy; it is difficult, and demands a more 
searching analysis than has been, or perhaps than can be at present, given. 
When impure air does not produce any very striking disease, its injurious 
effects may be overlooked. The evidences of injury to health from impure 
air are found in a larger proportion of ill health—.e., of days lost from sick- 
ness in the year—than under other circumstances ; an increase in the severity 
of many diseases, which, though not caused, ares influenced by impure air ; 
and a higher rate of mortality, especially among children, whose delicate 
frames always give us the best test of the effect both of food and air. In 
many cases accurate statistical inquiries on a large scale can alone prove what 
may be in reality a serious depreciation of public health. 

The quantity of air necessary for perfect health will be considered in tho 
chapter on Ventilation. I shall in the present chapter enumerate the 
impurities, and then the diseases attributable to them. 

It would be occupying unnecessary space to enlarge on the composition of 
pure air. In sddition to oxygen and nitrogen, there are the following sub- 
stances :—carbonic acid, watery vapour, organic matter in the form probably 
both of dead and living structures. Perhaps, also, the almost universally 
diffused salts of soda should be reckoned as normal constituents. The 
amount of oxygen is about 20-96 in the usual air, 20-98 in the pure mountain 
air, while in the air of towns, it may fall to 20:90 or 20-87 (A. Smith, “ Air 
and Rain,” pp. 35, et seg.). The subject of ozone is treated in the chapter on 
climate. 

The amount of watery vapour varies in different countries greatly, from 
about 40 per cent. of saturation to perfect saturation ; or, according to tempera- 
ture, from 1 to 11, or even 12 grains in a cubic foot of air, if that expression 
may be admitted. The best amount for health has not been determined, but 
it has been supposed it should be from 65 to 75 per cent. ; but in many 
healthy climates it is much more than this. 

The amount of carbonic acid in normal air ranges from ‘2 to ‘5 per thousand 
(or from 2 to 5 volumes in 10,000) ; it increases slightly up to 11,000 feet of 
elevation, then decreases ; it is slightly augmented under certain circumstances ; 
as in sea air by day, though not at night; the difference being between ‘54 
to 33 per thousand (Lewy). During the Arctic Expedition of 1875, Dr E. 
L. Moss, of the “ Alert,” found it to range from 0°483 to 0°641 per thousand ; 
mean, 0°552* in N. Lat. 82° 27’. 

The normal amount of organic matter is not known, if indeed it is not to 
be considered as an impurity. 


SECTION I. 
IMPURITIES IN AIR, 


A vast number of substances, vapours, gases, or solid particles, continually 
pass into the atmosphere. Many of these substances ean be detected neither 





* Dr B. Ninnis of the “Discovery,” found much higher amounts, but the conditions may not 
have heen quite the same, or some aceidental error may have occurred. (fee Report of the 
Committee on the Sutbreak of Scurvy, 1877.) 
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by smell nor taste, and are inhaled without any knowledge on the part of 
those who breathe them. Others are smelt or tasted at first; but in a short 
time, if the substance remains in the atmosphere, the nerves lose their delicacy ; 
so that, in many cases, no warning, and in other instances, slight warning 
only, is given by the senses of these atmospheric impurities. 

As if to compensate for this, a wonderful series of processes goes on in the 
atmosphere, or on the earth, which keeps the air in a state.of purity. 

Gases diffuse, and are carried away by winds, and thus become so diluted 
as to be innocuous; or are decomposed if compound, or are washed down by 
rain ; solid substances lifted into the air by winds, or by the ascensional force 
of evaporation, fall by their own weight; or if organic, are oxidised into 
simple compounds, such as water, carbonic acid, nitric acid, and ammonia ; 
or dry and break up into,impalpable particles, which are washed down by 
rain. Diffusion, dilution by winds, oxidation, and the fall of rain, are the 
great purifiers; and in addition, there is the wonderful laboratory of the 
vegetable world, which keeps the carbonic acid of the atmosphere within 
certain limits. If it were not for these counterbalancing agencies, the atmo- 
sphere would soon become too impure for the human race. As it is, it is 
wonderful how soon the immense impurity, which daily passes into the air, 
is removed, except when the perverse ingenuity of man opposes some obstacle, 
or makes too great a demand even upon the purifying powers of Nature. 

The air passing into the lungs in the necessary and automatic process of 
respiration, is drawn successively through the mouth and nose, the fauces, 
and the air tubes. It may consist, according to circumstances, of matters 
perfectly gaseous (as in pure air), or of a mixture of gases and solid particles, 
mineral or organic, which have passed into the atmosphere. 

The truly gascous substances will doubtless enter the passages of the lungs, 
and will meet there with that wonderful surface, covered with the most 
delicate tufts of blood-vessels, unshielded even, it is supposed by some, by 
epithelium, which stand up on the surface of 5,000,000 or 6,000,000 air-cells, 
and through which the blood flows with great velocity; there they will be 
absorbed, and if, as has been calculated, the surface of the air-cclls is as much 
as from 10 to 20 square feet (and some have placed these figures much higher), 
we can well understand the ease and rapidity with which gaseous substances 
will enter the blood. 

The solid particles or molecules entering with the air, may lodge in the 
mouth or nose, or may pass into the lungs,* and there decompose, if of 
destructible nature ; or may dissolve or break down if of mineral formation ; 
or may remain as sources of irritation until dislodged; or perhaps become 
covered over with epithelium, like the particles of carbon in the miner’s lung, 
or may pass into epithelium and enter the body through the lymphatics. 

If such particles lodge in the mouth or nose they may be swallowed, and 





* The evidence of ‘‘ miners’ phthisis ” proves this; but in addition, Professor Zenker has 
published cases in which snuff and different coloured powders have been found in the lungs of 
workmen employed in workshops in which such particles have been mixed with air. Dr Knauff 
(Virchow’s Archiv, band 39, p. 442) confined animals in a box into which the particles of a sooty 
lamp passed ; the animals were well fed and were healthy ; the charcoal passed into the lungs, 
and was got rid of by expectoration in the form of pigment-cells. When Knauff inhaled par- 
ticles of ultramarine for only ten minutes, and examined his sputa, he found cells with blue 

rticles in their interior. ina cat charcoal particles penetrated in three days from the lungs 
into the lymphatic glands and to the pleura. 

Dr Greenhow (Trans. Pathol. Society, 1868-69) has also. pointed out how vend small 
pontine particles enter the air-ceils, and encroach on the alveoli, and pass into the interior of 
ciliated epithelium. Villaret confined rabbits in a smoky atmosphere and proved the existence 
of fine pier of carbon in the bronchi. Franke (Deutsche Klinik, 1860, No. 49) found par- 
ticles of charcoal in the lungs in a man employed in loading charcoal, é 
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pass into the alimentary canal, and it is even more probable that this should 
be the case with all except the lightest and most finely divided substances, 
than that they should pass into the lungs. Although incapable of present 
proof, there is some reason to think that some of the specific poisons, which 
float about in an impure atmosphere, such as those which arise from the 
typhoid or cholera evacuations, may produce their first effects, not on the 
lungs or blood, but on the alimentary mucous membrane, with which they 
are brought into contact when swallowed. 


Sus-Section L—SvusrenpEp MATTERS. 


Nature of Suspended Substances.—An immense number of’ substances, 
organic and inorganic, may be suspended in the atmosphere. From soil the 
winds lift silica, fincly powdered silicate of alumina, carbonate and phosphate 
of calcium, and peroxide of iron. Volcanoes throw up fine particles of carbon, 
sand, and dried mud, which passing into the higher regions, may be carried 
over hundreds of miles. 

The animal kingdom is represented by the débris of the perished creatures 
who have lived in the atmosphere, and also it would appear that the ascen- 
sional force of evaporation will lift even animals of some magnitude from the 
surface of marsh water. The germs, also, of Vibriones, Bacteria, and Monads 
(if . may call these animals), are largely present, and small oggs of various 
kinds. 

From the vegetable world pass up seeds and débris of vegetation ; pollen, 
spores of fungi, mycoderms, mucedines, which may grow in the atmosphere, 
and innumerable volatile substances or odours. 

From the sea the wind lifts spray, and the chloride of sodium becoming 
dried is so diffused through the atmosphere, that it is difficult, on spectrum 
analysis, to find a spectrum without the yellow line of soda. 

_ The works and habitations of man, however, furnish matters probably of 
much greater importance in a hygienic point of view. 

It is not easy at present to give a complete enumeration of all the sub- 
stances, but the following are the chief facts, divided under the headings of 
suspended substances in the external air; in rooms inhabited by healthy 
persons ; in rooms inhabited by sick persons; in workshops and factories. 


Suspended Substances in External Acr. 


1. Dust and sand showers. In different parts of Europe there occur from 
time to time showers of dust and sand. Ehrenberg* gives the microscopic 
examination of seventy showers; in addition to particles of sand and oxide 
of iron there were numerous organic forms, which are classed by Ehrenberg 
under the headings of polygastrica (194 forms), phytolitharie: (145 forms), 
polythalmia, &c. In addition there were portions of plants and fragments of 
insects. In a dust storm of February 1872, in Sicily, Silvestri ¢ found four 
species of diatoms and living infusoria. These sand-storms are sometimes 
called monsoon showers, but it would appear that any violent storm of a 
cyclonic character may lift the dust from sandy wastes, as from the African 

eserts, and transport it great distances. 

It remains yet uncertain whether all dust-storms are entirely of telluric 
origin : it has been supposed that some may be derived from meteoric showers, 





¢ Ehrenberg’s latest work was published in 1871. Uebersicht der, seit 1847, fortgesetzten 
ae tiber das von der Atmosphere unsichtbar getragene reiche organische Leben. 

erlin : 

+ Comptes Rendus, 1872, avid, p. 991. : 
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d.¢.. may enter our atmosphere from the realms of space, and there has been 
some speculation as to whether morpholithes of peculiar nature may not be 
contained in such meteoric dust showers. But the point at present has not 
been cleared up. 

There seems no doubt that atmospheric dust may travel to great distances ; 
the air of Berlin has evidently contained organisms derived from the African 
deserts, and the sails of ships 600 or 800 miles from Africa are often quite 
red with the sand which lodges on them. 

2. Independent of these sand-storms there are numerous living creatures in 
the atmosphere : some lifted from the ground by winds, others growing in the 
air. Ehrenberg has discovered at least 200 forms—rhizopods, tardigrades, and 
anguillula, These can be dried, and will then retain their vitality for 
months, and even years. ¢ 

When the external air is examined, either by means of an aeroscope of some 
kind, or by drawing it through previously heated glass tubes, surrounded by 
a freezing mixture, many of these organisms can be found. Their number 
cannot be directly estimated at present. Indirectly A. Smith has endeavoured 
to calculate the amount* from the ammonia in the air which appears to be 
derived from organic matter, and has supposed that there might be 529,560 
germs (= ‘0056 grain) in one cubic foot of the air of a city. But indirect 
calculations of this kind are of course doubtful. The following are the most 
important kinds :— 

(a) Extremely small round and oval cells, sometimes growing together, or 
more probably cleaving, and then presenting an appearance like the figure of 
8. The cells, described hy Lemaire,t Trautman,t Béchamp, and others, are 
exceedingly minute, and it requires a power of 600 to 1000 diameters to see 
them properly. Trautman states that they grow faster when sulphuretted 
hydrogen is in the air, and are checked by carbolic acid. Lemaire found them 
in immense quantities in the air of dirty prison cells, and in the sweat of the 
prisoners ; they will occur, however, in the open air. They are supposed to 
increase rapidly by cleavage, but their future development, if any, has not 
been traced ; no effect on the body has been proved to be produced by them. 
To these bodies the term microzymes should perhaps be restricted. 

To the same class, perhaps, as those round and oval cells, the bacteria and 
monads, which have been described as gathered from the air, must be assigned ; 
the development of these cells into moving vibriones and rod-like bacteria, 
though asserted, has not yet been definitely proved, and indeed Burdon- 
Sanderson’s observations rather throw doubt on the statement that true 
bacteria exist in the air. Dr J). D. Cunningham§ found that Bacteria are 
rarely present (that is, recognisable,) in dry atmospheric dust, but they were 
occasionally found, as well as a specimen of green spirillum. But in the de- 
posit from the moist air of sewers distinct Bacteria were frequently observed. 

(5) Spores of fungi are not infrequent; in the open air they occur most 
commonly in the summer (July and August ||); they are not in this country 
more frequent with one wind than another; the largest number found by 
Maddox in ten hours was 250 spores ; on some days nota spore can be found. 
Maddox leaves undetermined the kind of fungus which the spores developed 
under cultivation ; the spores were pale or olive-coloured and oval, probably 
from some form of smut. Angus Smith found in water through which the 





* Air and Rain. b. 504. 
+ Comptes Rendus de ]’Acad., Oct.1867, b. 687. 
Die Zersetzungsgase als Ursache zur Weiter-verbraitung der Cholera, 1869. 


' § Op. cit. 
i Maddox, Monthly Journal of the Microscopical Society, June 1870,cand February 1871. 
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Duscrirtion oF Pirate V. 
External Air. 


Fig. 1. Fragment of Pine-wood. y 


Fig. 


1’. Epidermis of Hay, with Fungus attached. 

2, Linen fibres. N.B. The thick fibres crossing in lower third of plate, 
3, Epithelium (nucleated) from the mouth. — 

4, Do. detached from the skin. 

5. Cotton fibre. 

6’. Feather, or Down. 

a. Charred vegetable particles, and mineral matter. 


DESCRIPTION OF PLate VI. 


Accident Ward. 


1’, Epidermis of Hay, with Fungus attached. 

2. Linen fibre. 

2’, Fungus filament. N.B. Long narrow filament in upper left of plate. 
3. Nucleated Epithelium from the mouth. 

3a.Pus cells, 

4. Worn Epithelium from the skin. 

4a.Charred vegetable particles. 4d. Fungus spores. 
5, Cotton fibre, 

6. Woollen fibre. 

7. Fragments of Insects. 

8. Pine Pollen. 

9. Dried-up Palmellaceous Frond. 
10. Ciliated spore, probably of Vaucheria. 
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air of Manchester was drawn innumerable spores. Mr Dancer has calculated 
that in a single drop of the water 250,000 fungoid spores as well as mycelium 
were present, but as the water was not examined for some time there may 
have been growth. Mycelium of fungus seems uncommon in the air, but is 
sometimes found. The cells of the Protococcus pluvialis are not uncommon, 
and perhaps of other alge. On the whole, the experiments of Maddox show 
that in his locality (near Southampton), it is incorrect to speak of the air 
being loaded with fungoid spores ; they can be found, but are not very numer- 
ous. Blackley (“Experimental Researches on the Causes and Nature of 
Catarrhus Aestivus,” 1873,) says the amount of spores collected on a slide in 
four hours amounted to 30,000 or 40,000 per square inch. Dr D. D. 
Cunningham* says that in the air in the suburbs of Calcutta, spores are con- 
stantly present, and usually in considerable nuthbers. He gives a large 
number of beautiful drawings. 

(c) Parts of flowers, especially pollen,t in the spring and summer are very 
common, cuticular scales, vegetable fibres and hairs, seed capsules, globular 
cells, &c.{ Near habitations are also found bits of wood often withered or 
burnt, bits of charcoal, starch grains, cotton and wool fibres, &c. All these 
substances appear from Watson’s experiments to be more abundant in land 
than sca air, as might, indeed, be expected. 

(zd) Animals, or portions, such as scales from tho wings of moths and 
butterflies ; portions of the wings of insects; legs of spiders, bits of spiders’ 
webs, and similar objects, are not uncommon; but sometimes even living 
animals are found of some size, apparently rhizopods and amcbiform bodies. 

(e) Mincral substances, fine particles of sand, clay, and chalk are generally 
found, even when there is no dust-storm, and are much more common when 
the ground is dry; rain, indeed, appears not only to prevent these particles 
from being lifted, but also to precipitate those in the air. 

In: manufacturing districts, or near a railway, there may be even large 
particles of metals, or pottery clay, or stone in the external air; in the dust 
collected from a railway carriage near Birmingham, Mr Sidebotham§ found 
many large particles of iron capable of attraction by a magnet, and being, in 
fact, fused particles of iron often covered with spikes and excrescences. 

In towns with macadamised roads, dust and remains of horse droppings, 
finely powdered by the traffic, pass into the air, and as this is more common 
in dry weather, the sanitary importance of watering and washing the streets 
of great traffic is manifest. 

Mr Tichborne has published|| some analyses of the street dust of Dublin ; 
it contained from 29°7 per cent. of organic matter (at the top of a pillar 134 
feet high) to 45:2 per cent. (in the air of a street); the organie matter was 
chiefly stable manure finely ground; it acted as a ferment, and reduced 
nitrate of potassium into nitrite ; it had, therefore, a strong deoxidising power. 
The plate (No. V.), drawn by Dr J. D. Macdonald, R.N., F.R.8., shows some 
of the substances found in the external air in the garden of St Mary’s 
Hospital, Paddington.{| 

# Ninth Annual Report of the Sanitary Commissioner with the Government of India. 

+ Blackley(op. cit.) shows that pollen is in large A hepa at peg sometimes amounting to 7870 grains 
per square inch of slide. In the upper strata of the air (at 400 to 500 feet) he found much more 
a aa the vere on an average 19 times as much. Cunningham (op. cit.) also found pollen 

t Seo ciaerveuicns on the suspended matters of Jand and sea air, by Dr Watson, Staff Surgeon, 
for 2 description of a good plan of examining the air, and for some drawings. Army Medical 
Dg artment Report, vol. xi. p. 529 (1871), 

; Chemical News, October 1871. | Ibid. Oct. 1870. P 

: From ‘‘Three Reports on the mart! a of St Mary’s Hospital, Paddington, by 


Su-geon-Major F. de Chaumont, M.D., 
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(f) It cannot be doubted that various organic substances dried in the ground 
and finely pulverised, may be lifted into the air by winds, and may be carried 
to great distances; under the microscope the particles would probably appear 
formless, and could not be referred to any special class, but would be included 
under the term of “ dust,” or “amorphous matter.” In this way it is believed 
that some diseases may be propagated ; cholera, for example, by the particles 
of dried excreta lifted and carried by the wind, and smallpox and scarlet 
fever by the disintegrated epidermis or dried discharges. In the case of 
smallpox and scarlet fever, the distances to which the “contagions” spread 
by means of the air is certainly inconsiderable.* 

Some of the various particles of different kinds thus suspended in the air 
reflect and scatter the rays of light, and produce the appearance of fine motes, 
which are familiar to ever¥ one, as seen in the course of a ray of light passing 
through a dark room, or when an electric beam is transmitted through a tube. 
When the air is kept motionless they subside, so that most of them have 
some weight, though some are so light as not to subside in rarified air 
(Tichborne) ; when heated, Tyndall has shown that some of them are burnt, 
and a little bluish mist arising from the combustion can even be perceived ; 
the destructible nature proves, of course, the organic origin of those consumed, 
but does not show whether they are organised or not. 


Suspended Mutters in Enclosed Spacea. 


1. Rooms inhabited by Healthy Persons.—In all inhabited rooms which are 
not perfectly ventilated, the presence of scaly epithelium, single and 
tesselated ; round cells like nuclei, portions of fibres (cotton, linen, wool), 
portions of food, bits of human hair, wood, and coal, can be found in addition 
to the bodics which are present in the external air, though, as shown by 
Watson, mineral matters and vegetable matters are not so plentiful, as the 
comparative stillness of the air allows them to fall. + 

In some cases articles of furniture may furnish certain substances ; the flock 
wall-papers, coloured green by arsenical preparations (especially Schcele’s green 
and Schweinfiirth green), give off little particles of arsenical dust into the 
room ; { and it has been shown by Professor Fleck § that the arsenious acid in 
the Schweinfiirth green, when in contact with moist organic substances, and 
especially starch sizing, forms arseniuretted hydrogen, which diffuses in the 
room, and is no doubt the cause of some of the cases of arsenical poisoning 
from green papers. 

2. Sick-Rooms.—In addition to being vitiated by respiration, the air of 
sick-rooms i3 contaminated by the abundant exhalations from the bodies, and 
by the effluvia from discharged excretions. The quantity of organic matter 
is known to be large, but it is difficult at present to give a quantitative state- 
ment. Moscati, who (in 1818) condensed the watery vapour of a ward at 
Milan, describes it as being slimy, and as having a marshy smell. Tho 
peculiar smell of an hospital is indeed very remarkable, and ite similarity in 
hospitals of different kinds seems to show that the odorous substance has a 





* In the air of the back-yard of another London hospital, I found considerable 
quantities of epithelium ; and in the dirty linen area,” where the foul linen was kept in crates 
till washed, I found not only epithelium, but even pus globules, and also a uantity of fatty 
i baggy rey from dressings. There were also tia, both free and in the zoogleal 

orm. de C, 

+ Numerous observations on the air of barracks and military hospitals have been mado by 
sear pes a of the 48 _ by res de prong ling Hewlett (of Bombzy), 
Stanley, Baynes Reed, Veuner, Watson, and many others. the Army Medical Depurt- 
ment Annusl Reports, from 1800-70). J oa , 

+ Halley and many others. § Zeitach. fiir Biologie, bd. viii. p. 445 (1872). . 
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similar composition in many cases. The reaction of ozone appears not to be 
given in such an atmosphere. 

Devergie found an “immense amount” of organic matter in the air in the 
vicinity of a patient with hospital gangrene, 

The dust of a ward in St Louis, in Paris, examined by Chalvet, was found 
in one experiment to contain 36 per cent. of organic matter, and in another 
46 per cent. When burnt, it gave out an odour of horn. The dust collected 
in hospitals for diseases of the skin is stated by Gailleton to be full of 
sporules of the Trichophyton. They can be found in the air of the ward 
when. condensed by ice. 

Much interest was excited in 1849 by the discovery by Drs Brittan and 
Swayne, of Clifton, of bodies very like fungi in the air of a cholera ward ; 
later researches lead to the opinion that this obser¥ation was perfectly correct, 
though the connection between these fungi and cholera is still quite uncertain. 
In 1849, also, Dr Dundas Thomson drew the air of a cholera ward through 
sulphuric acid; various suspended substances were arrested, starch, woollen 
fibres, epithelium, fungi or spores of fungi, and vibriones. Mr Rainy also 
found in the air of a cholera ward in St Thomas’ Hospital, the spores and 
mycelium of fungi and bacteria. Some of these bodies were found, however, 


in the open air. In hospitals for skin diseases the be, has been detected 







in the air where there are patients with favus ; and Fox* has figured 
the spores (clustered and in chains), and the myceliu the Trichophyton 
in a ward with a number of children with tinea circinata. y 

The scaly and small round epithelia found in most rooms are in large 
quantity in hospital wards; and probably in cases where there is much ex- 
pectoration or exposure of pus or puriform fluids to the air, the quantity 
would be still larger. : 

Considering that the pleuro-pneumonia of cattle is probably propagated 
through the pus and epithelium cells of the sputa passing into the air-cells of 
other cattle; that even in man there is evidence of a pneumonic or phthisical 
disease being contagious (Bryson, ‘‘ Cases in the Mediterranean Fleet”), the 
floating of these cells in the air is wottfy of all attention. It may explain 
some of those curious instances of phthisis being apparently communicated. 
In the air of a phthisical ward at Netley, Dr Watson not only found pus 
cells, but bodies which were not found in the exteMal air or in the rooms of 
healthy persons, and which were very like the cells seen in tuberculous 
matter. In military granular conjunctivitis (gray granulations), the remark- 
able effect of ventilation in arresting the spread (Stromeyer) seems to show 
that we have here a similar case, atid that ventilation acts by diluting, oxidis- 
ing, and drying the cells thrown off from the conjunctive. In small-pox 
wards, Bakewell has found unequivocal evidence of minute scales of small-pox 
matter in the air. It seems probable that the discovery of suspended matters 
of this kind will lead to most important results.t ¢@The possibility of a direct 
transference from body to body of celle rgoing special chemical or vital 
changes is thus placed beyond doubt, and’ the d e of contagion receives 
an additional elucidation. It remains to be seen whether pus and epithelium 
cells becoming dried in the atmosphere can again, on exposure to warmth and 
moisture, undergo the changes which had been interrupted, or whether they 
would not rather break down into impalpable particles, and then tally 
oxidised and destroyed. It is now generally admitted that protophYytes like 








* Lancet, January 1872. 4 

+ In the accident ward of St Mary’s Hospital, Paddington, [ found pus celis in the air, near 
some beds which ghad a bad reputation for erysipelas. See plate drawn by Dr Macdonald, 
(Report on St Mary’s op. eté.). (F. de C.) 
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the Protococcus pluvialis, may be dried and yet retain their vitality even for 
years, and may be blown about in atmospheric currents ; but it would not be 
right to infer a similar power on the part of epithelium or pus cells. 

3. Workshops, Factories, and Mines.—Grinding of steel and iron, and 
stones; making metallic and pearl buttons; melting zinc; melting solder ; 
carding and spinning textile fabrics of all kinds; grinding paint; making 
cement, and in fact almost innumerable trades cause more or less dust derived 
from the fabrics and materials, to pass into the air. 

Dr Sigerson* found a black dust composed of carbon, iron (in the shape of 
small jagged pieces, and also as hollow balls gy/55 of an inch in diameter), 
and ash, in metal shops. In the air of a printing office there was enough 
antimony to be chemically detected. In the air of stables were equine hairs, 
epithelium, moth cells, oviiles, and various fungi. 

In addition to these suspended matters, which vary with the kind of work, 
the air of workshops is largely contaminated by respiration and by the com- 
bustion of gas (see below and page 105). 

In mines the suspended matters are made up of the particles of the parti- 
cular substance which is being worked, or of rock excavated to obtain metals, 
of sooty matters from lamps and candles, and of substances derived from 
blasting (see page 112). 


Sus-Sgection II.—Gastous SUBSTANCES. 


A great number of gases may pass into the atmosphere either from natural 
causes or from the works of man. 

Compounds of Carbon.—Carbonic acid (abnormal if exceeding 5 in 10,000 
parts), carbonic oxide, carburetted hydrogen, and peculiar substances 
(gaseous) in sewer air. 

Compounds of Sulphur.—Sulphurous acid, sulphuric acid, sulphuretted 
hydrogen, ammonium sulphide, and carbon bisulphide. 

Compounds of Chlorine.—Hydrochloric acid from alkali works. 

Compounds of Nitrogen.—Ammonia and ammonium acetate, sulphide, and 
carbonate (normal in small amount), and nitrous and nitric acids. 

Compounds of Phosphorus.—Phosphoretted hydrogen. 

Organic Vapours.—Of the exact composition of the vapours, often foetid, 
which arise from various decomposing animal matters, little is known. The 
vapours of sewage have been cxamined by Odling, and were found to be 
carbo-ammoniacal, containing more carbon than methylamine, and less than 
ethylamine. 


Sus-Sgction ITJ.—Narvurs or Impurirms mn Certain Specrat Cases. 
Air Vitiated by Respiration. 


An adult man, in ordinary work, gives off in twenty-four hours from 12 to 
16 cubic feet or more, according to weight, of carbonic acid gas, and also 
emits an undetermined quantity of carbonic acid gas by the skin. On an 
average, an adult man, not doing excessive work, may be considered to give 
to the atmosphere every hour not less than ‘6 cubic feet of carbonic acid. 
Pettenkofer states the amount at about 0°7.| Women give off less, and 
childré& and old people also give off a smaller amount. 

The amount of carbonic acid in pure air being assumed to be on an average 


CUE eh og eek Tacs grad ge ee he nt. ae fated me rr ere ene 
* British Medical Journal, June 1870, from Memoirs of the Irish Academy, in which publi- 
cation are some excellent observations by the same writer. ; 
+ This is the quantity adopted by Roth and Lex (Militir-Gesundheitspfiege). 


IMPURITIES IN AIR FROM RESPIRATION, 103 


0-4 per 1000, or four volumes per 10,000, the quantity in the air of the rooms 
vitiated by respiration varies within wide limits, and many analyses will be 
found in books. The following table is a part of the numerous experiments 
on barrack-rooms by Dr de Chaumont on this point, and is especially valuable, 
because the amount of carbonic acid in the external air was simultaneously 
determined. The analyses were made at night, and when the men were in 
the rooms. The cubic space per head was 600 feet in the barracks and from 
1200 to 1600 in the hospital. 

The last column of the table shows the condition of the ventilation as 
measured by the carbonic acid; it is very satisfactory in the new barracks 
(Gosport and Chelsea), but is much less so in the old barracks and casemates. 
The Herbert and Hilsea military hospital show excellent ventilation, while 
the old-fashioned Portsmouth garrison hospital if very bad in this respect. 
The prison cells show, in all cases, a very high degree of respiratory impurity, 
and this must be one of the depressing influences of long cell confinement. 
Wilson (“ Handbook of Hygiene”) gives some important information. In cells 
(in Portsmouth Convict Prison) of 614 cubic feet, always occupied, he found 
the CO, = 0°720 per 1000; the prisoners were healthy and had a good colour. 
In cells of 210 cubic feet, occupied only at night by prisoners employed out- 
side during the day, he found 1-044 per 1000 of CO, ; the occupants were all 
pale and anemic. 

The carbonic acid of respiration is equally diffused through the air of a 
room (Lassaigne, Pettenkofer, Roscoe) ; it is very rapidly got rid of by opening 
windows (Gore), and in this respect ditfors from the organic matter, and pro- 
bably from the watery vapour; neither appears to diffuse rapidly or equably 
through a room. 


Amount of Carbonic Andydride in 1000 Volumes of Aur (de Chaumont). 
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mate i l my ceeiae R oe ae 

er sargest Mean ospiratory 

Air. - Hest ag Amount. | 22pwity. 

Bannacks. 
Gosport New Barracks, . : ; ‘ 430 } 1°846 645 “215 
Anglesey Barracks, : ; : ‘ 393 1971 1°404 1:011 
Aldershot, ; ; : : , : 440 1°408 ‘976 "536 
Chelsea, . F ; ‘ ; ; ‘470 1°175 ‘718 248 
Tower of London, . : ; : : 420 1°781 1°338 "898 
Fort Elson (Casemate), . : é ‘ 425 1°874 1°209 “784 
Fort Brockhurst (Casemate), . : . "422 1°027 838 "416 
MILITARY AND CiviL Hospitars. as 

Portsmouth Garrison Hospital, a oe "306 2°057 "976 "670 
Portsmouth Civil Infirmary, . : 322 1°309 "928 "606 
Herbert Hospital, : . . : "424 ‘730 "472 048 
Hilsea Hospital, . , ‘ ‘ j 405 741 ‘578 173 
St Mary's, Paddington, , ‘ ‘ ; 560 1°534 "847 "287 


MILITARY AND CIVIL Prisons. 
Aldershot Military Prison—Cells, .  . "409 3°484 1°651 1°242 
Gosport Military Prison—Cells, .. : "555 2°344 1°385 780 
Chatham Convict Prison—Cells, ; 452 3°097 1691 1'2389 
Pentonville Prison—Cells—Jebb’s system. 1926 989 ie 


The amount of carbonic acid is often much greater than in the abovo 
instances. Ina boys’ school with 67 boys, and 4640 cubic feet (= 69 cubic 
feet per head), Roscoe found 3:1 parts of CO, per 1000. In Leicester, in & 
room with six ‘persons, and only 51 cubic feet of space per head, and with 
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three gas lights burning, Mr Weaver* found the carbonic acid to be 5-28 parts 
per 1000; while, in a girls’ schoolroom (70 girls, and 10,400 cubic feet), or 
150 cubic feet per head, Pettenkofer found no less than 7-230 parts per 1000. 
In many schools, workrooms, and factories, the amount of respiratory 
impurity must be as great as this, and doubtless a constant unfavourable effect 
is produced on health. Dr Hayne (in H.M. ship “ Doris”) found the CO, 
to range from 1-03 to 3:21 between decks, the latter quantity being in the 

-ward-room with the scuttles int In the Arctic Expedition of 1875-6, 
Dr Moss found as much as 4°82 in the ward-room of the “ Alert,” “room 
feeling very closc;” and Dr Ninnis found 5°57 in the lower deck of the 
‘‘ Discovery. ” 

In a horse stable at the Ecole Militaire, the amount was 7 per 1000. At 
Hilsea, with a cubic space 8f 655 cubid feet per horse, the amount was 1-053 ; 
and in another stable, with 1000 cubic feet per horse, only ‘593 per 1000 (de 
Chaumont). Mircker found 8:5 in a stable in Gottingen, and no less than 
17°07 in a byre. 

By the skin and lungs pass off from 25 to 40 ounces of water in 24 hours, 
to maintain which, in a state of vapour, 211 cubic feet of air per hour are 
necessary on an average. Of course, however, temperature and the 
hygrometric condition of the air greatly modify this. Organic matter is also 
given off from the skin and lungs, the amount of which has never been pre- 
cisely determined. Nor is it possible, at present, to estimate it correctly. 
This organic matter must be partly suspended, and is made up of small 
particles of epithelium and fatty matters detached from the skin and mouth, 
and partly of an organic vapour given off from the lungs and mouth. The 
organic matter from the lungs, when drawn through sulphuric acid, darkens 
it; through permanganate of potash, decolorises it ; and through pure water, 
renders it offensive. Collected from the air by condensing the watery vapour 
on the sides of a globe containing ice (as by Taddei in the wards of the Santa 
Maria Novella), it is found to be precipitated by nitrate of silver, to decolorise 
potassium permanganate, to blacken on platinum, and to yield ammonia. It 
is therefore nitrogenous and oxidisable. It has a very futid smell, and this 
is retained in a room for so long a time, sometimes for four hours, even when 
there is free ventilation, as to show that it is oxidised slowly. It is probably 
in combination with water, for the most hygroscopic substances absorb most 
of it. It is absorbed most by wool, feathers, damp walls, and moist paper, 
and least by straw and horse-hair. The colour of the substance influences its 
absorption in the following order :—black most, then blue, yellow, and white. 
It is probably not a gas, but is molecular, and floats in clouds through the 
air, as the odour is evidently not always equally diffused through a room. In 
a room, the air of which is at first perfectly pure, but is vitiated by respiration, 
the smell of organic matter is generally perceptible when the CO, reaches 
‘7 per 1000 volumes, and is very strong when the CO, amounts to 1 per 
1000.$ From experiments made at Gravesend, Netley, Aldershot, and 
Hilsea, by various medical officers,§ it has been shown that the amount of 
potassium permanganate destroyed by air drawn through its solution is 
generally in proportion to the amount of carbonic acid of respiration. 

It is indeed asserted by Gaultier de Claubry ( “‘ Ann. d’Hygiene,” April 1861, 


ornare 


* Mr Weaver gives severa! food analyses in different public and private rooms in Leicester. 
Lancet, July and August 1872, 

+ Med. Chir. Trans. vol. lvii. 

+ On this point see table at page 142. 

§ By Drs de Chaumont, Hewlett (Bombay Army), St John, Stanley, Brynes Reed, Innes, 
Venning, Martin, and others. 
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p. 348), that in barracks, some minutes only after the soldiers had entered, 
the smell of organic matter was perceptible, though there was at that time no 
augmentation in carbonic acid detected. 

When the air of inhabited rooms is drawn through pure water, and the free 
ammonia got rid off, distillation with alkaline permanganate, in the method 
of Wanklyn, gives a perceptible quantity of “albuminoid ammonia.” In a 
bed-room at 9 p.u., A. Smith* found °1901 milligrammes in 1 cubic metre of 
air; at 7 a.m. there were ‘3346 milligrammes in each cubic metre. 

Mr Moss (apothecary to the Forces) has made some careful experiments on 
the air of rooms, and has compared it, in some cases, with the external air 
(Lancet, Nov. 1872). The average of eight observations in the external air 
(at Portsmouth) gave 0°0935 of free NH,, and 0°0886 of albuminoid NH, in 
milligrammes per cubic metre. In the Portsmoutlf General Hospital he found 
the free NH, as high as 0°855, and the albuminoid 1-307. 

The following is from Dr de Chaumont’s Reports on the Ventilation 
Experiments at St Mary’s Hospital, Paddington. 


Milligrammes per Culie metre. 


Total 

Albuminoid} Organic | oxygen for 

Free NH3 NH;3. oxygen. | oxidisable 
matter. 


Remarks. 














External air, 0°3574 | 0-8280 - 1°4300 Air damp and still, wind 


July 1875, S.W. slight. 
Wards, ‘ 0°6680 | 0°4710 iss 1°4900 
Do. . ; 0°6669 | 0°6770 es 1°5100 ° 
eee - ‘ 0°3519 | 0°6915 sa 1°3600 7 4 F ‘ 
xternal air, / : : ; : ir dry and warm, win 
August 1876, . DOIGS | 06206 | O'44ee. | O'S714 S.K. by E., fresh. 
ards, ; 0°0497 | 0°4622 | 0°3747 | 9°5621 
Do. . r nil. 0°2824 | 0°2571 | 0°5142 
Do. . : 0°0810 | 0°3576 | 0°3101 | 0°3567 
Do. . : 0°0127 | 0°5259 | 0°2225 | 0°4451 
Do. . ; 0°0100 | 0°3684 | 0°4420 | 0°6315 





I: is evident that the condition of the external air, with regard to move- 
ment and humidity, has a groat deal to do with the amount of organic matter. 
The nitrogen acids are also met with; in one instance, in the above experi- 
ments, they reached in a ward 28°484 per metre, of which 0°7392 was 
nitrous, and the rest nitric acid. 


Air Vitiated by Combustion. 


The products of firing pass out into the atmosphere at large ; those of light- 
ing are for the most part allowed to diffuse in the room. 

Coal of average quality gives off in combustion— 

1. Carbon.—About 1 per cent. of the coal is given off as fine carbon and 
tarry particles. 

2. Carbonic acid.—In Manchester, Angus Smith calculated some years ago 
that 15,000 tons of carbonic acid were daily thrown out. 

3. Carbonic oxide.—The amount depends on the perfection of combustion. 

4, Sulphur and sulphurous and sulphuric acids.—The amount of sulphur 
in coal varies from } to 6 or 7 per cent. In the air of Manchester, A. Smith 
found 1 grain of sulphuric acid in 2000 and 1076 cubic feet. 





* Air and Rain, p. 436.—If expressed as grammes per million cubic metres, the amount is 
190°114 and 334-60 ; in grains, il nillion cubic feet, the numbers are §3°074 and 146°210. 
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5. Carbon bisulphide. 

6. Ammonium sulphide, or carbonate. 

7. Bulphuretted hydrogen (sometimes). 

8. Water. 

From some manufactories there pour out much greater quantities of SO, 
(copper works), arsenical fumes, sulphuretted hydrogen, carbonic acid, &o. 

For complete combustion, 1 1b of coal demands about 240 cubic feet of air. 

Wood produces carbonic acid and oxide and water in large quantity, but 
few compounds of sulphur. 1 tb of dried wood demands about 120 cubic feet 
of air for complete combustion. 

Coal-gas, when fairly purified, is composed of— 


Hydrogen, ‘ ‘ ‘ 0 to 45°58 
Marsh gas (light carbtretted hydrogen), . 35 to 40 
Carbonic oxide, . ; : ; 3 to 66 
Olefiant gas (ethylene), . : : 3 to 4 
Acetylene, ‘ ‘ : : 2 to 3 
Sulphuretted hydrogen, 0:29to 1 
Nitrogen, . : 2 to 25 
Carbonic acid, ; ; ig ; 3 to 375 
Sulphurous acid, . : : : ‘5 to 
Ammonia or ammonium sulphide, . (or in the best cannel- 
Carbon bisulphide, : coal gas only traces.) 


In some analyses the carbonic oxide has been as high as 11 per cent., and 
the light carburetted hydrogen 56; in such cases the amount of hydrogen is 
small, As much as 60 grains of sulphur have been found m 100 cubic feet 
of gas.* The Parliamentary maximum is 20 grains in 100 cubic feet. In 
badly purified gas there may be a great number of substances in small amount, 
especially hydrocarbons and alcohols, such as propylene, butylene, amylene, 
benzole, xylol, some of the nitrogenous oily bases, such as pyrrol, picoline, 
&e. t 

When the gas is partly burnt, the hydrogen and light and heavy 
carburetted hydrogens are almost destroyed ; nitrogen (67 per cent.), water 
(16 per cent.), carbonic acid (7 per cent.), and carbonic oxide (5 to 6 per cent.), 
with sulphurous acid and ammonia, being the principal resultants. And 
these products escape usually into the air of rooms. With perfect combustion 
there will be little carbonic oxide. 

According to the quality of the gas, 1 cubic foot of gas will unite with 
from ‘9 to 1°64 cubic feet of oxygen, and produces on an average 2 cubic feet 
of carbonic acid, and from ‘2 to ‘5 grains of sulphurousacid. In other words, 
1 cubic foot of gas will destroy the entire ogygen of about 8 cubic feet of air. 
ai cubic foot of gas will raise the temperature of 31,290 cubic feet of air 1° 

ahr. 

Oil.—A lamp with a moderately good wick, burns about 154 grains of oil 
per hour, consumes the oxygen of about 3:2 cubic feet of air, and produces a 
little more than 4 acubic foot of carbonic acid ; 1 Ib of oil demands from 140 
to 160 cubic feet of air for complete combustion. 

A candle of 6 to the ib burns per hour about 170 grains. 

The products of the combustion of coal and wood pass into the atmosphere 
at large, and usually are at once largely diluted. Diffusion and the ever- 
moving air rapidly purify the atmosphere from carbonic acid. 

It is not so, however, with the suspended carbon and tarry matters, which 


* Chemical News, March 1865, p. 154. 
+ For a fuller list of these substances, which do not appear very important, see Pappenheim’s 
Handbuch der San. Pol. band iii. Supp. p. 261. 
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are too heavy to drift far, or to ascend high. Asa rule, the particles of 
bon are not found higher than 600 feet; and the wae see see ithe 
lower strata of the atmosphere can be seen by looking at any lofty building in 
London. The air of London is so loaded with carbon, that even when there 
is no fog, particles can be collected on Pouchet’s aeroscope when only a very 
small quantity of air is drawn through. 

It is apparently chiefly from combustion, and in some cases from chemical 
works, that the air of towns contains so much acid as to make rain water acid. 
In Manchester, in 1868,-Angus Smith found the rains to contain from 5°6 
grains to 1-4 grain of sulphuric acid (free and combined), and from 1-277 to 
‘0278 grains of hydrochloric acid per gallon. In Liverpool and Newcastle air 
the same thing occurs ; the sulphuric acid is always larger in amount than the 
hydrochlorie. sd 

Sulphurous and sulphuric acid also appear to be less rapidly removed, as 
Angus Smith found a perceptible quantity in the air of Manchester; and the 
rain water is often made acid from this cause. 

The products of gas combustion are for the most part allowed to escape into 
rooms, but certainly this should not be allowed, when gas is burnt in the large 
quantities commonly used. The immense quantity of gas often used causes 
great heat, humidity of the air, and there is also some sulphurous acid, an ex- 
cess of carbonic acid, and, probably, a little carbonic oxide, to which some of 
the effects may be due, Weaver* found as much as 5°32 volumes of carbonic 
acid per 1000 in the room of a frame-work knitter in Leicester, with 14 gas 
lights burning. In other workrooms the amounts were 5:28, 4°6, down to 
2°11 volumes per 1000. This amount has a very injurious effect on health, 
as shown long ago by Dr Guy. In a workshop in Paris, with 400 men and 
400 gas-burners, the health of the men was very bad. General Morin intro- 
duced good ventilation, and the number of cases of illness was reduced one- 
third. The appetite of the men, formerly very bad, greatly improved. 
According to Dr Zock,+ coal gas gives off rather more carbonic acid for an 
equal illuminating power than oil, but lessthan petroleum. Dr Odling found 
for equal illuminating power, that candles gave more impurity to the air than 
gas.{ Gas gives out, however, more water. 

In tobacco smoke are contained particles of nicotine or its salts (Heubel), 
and probably of picoline bases. There is also much carbonic acid, ammonia, 
and butyric acid. 

Dr Ripley Nichols has investigated the air in smoking cars on American 
Railways, and found the CO, to range from 0°98 to 3°35 per 1000, with a 
mean of 2:278: in ordinary non-smoking cars the CO, varied from 1°74 to 
3°67, with a mean of 2°32, so that there was not much difference as far as 
CO, went. As regards ammonia, however, the difference was great, for (taking 
the external air ratio as 100) he found in the smoking car from 310 to 575, 
whilst in the ordinary cars it was only 135 to 175. None of the peculiar 
products of the combustion of tobacco were found. (Reprint from the 6th 
Annual Report of the Massachusetts Board of Health). 


Air Vitiated by Effluvia from Sewage Matter and Air of Sewers. 

Air of Cesspools.—The air of cesspools, and especially of the cemented pits 
which are still common in many continental towns, and which receive little 
beyond the solid and liquid excreta and some of the house water, 1s generally 
highly impure. Lévy § refers to an extreme case, in which the oxygen was 
lessened to 2 per cent., the nitrogen being 94 and the carbonic acid 4. In 

ES APM ie REST IIE ORIEN. SPIRALS 1S ip TR PR ERD ta SECO 


~ # Lancet, July 1872. + Zeitsch. fir Biol. band ii. p. 117 (1866)s 
t Medical Times tad Gazette, Jan. 9, 1869. § Traité d’Hygiane, 3d edit. p. 636. . 
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this case apparently no other gases were present; but in most instances there 
is a variable amount of sulphuretted hydrogen*, ammonium sulphide, nitrogen, 
carbonic acid, and carburetted hydrogen, in addition to foetid organic matters. 
These organic matters are in large amount. 62 feet of the air of a cesspool 
destroyed, in Angus Smith’s experiments, as much potassium permanganate as 
176,000 cubic feet of pure air, though perhaps some sulphuretted hydrogen 
may have been also present. Ocsterlent states that these gases will pass 
easily through walls; and M. Hennezel { has lately noticed ‘that in the 
* fosses d’aisances” in Paris, even in those covered with stone slabs and earth, 
the wind blowing down the ventilating tube will force the gas through the 
neighbouring walls, and then perhaps into the house. 

The Air of Sewerse.—In sewers the products of decomposition are variable, 
as not only solid and liqufi excreta and house water, but the washings and 
débris of the streets, the refuse of trades, &c., pass into the sewers. As a 
rule, the products of decomposition of the sewer-water appear to be much the 
same as noted above—viz., foctid organic matters, carbo-ammoniacal substances 
condensing with the water of the air on the cold walls, carbonic acid, nitrogen, 
light carburetted hydrogen, and sulphuretted hydrogen.§ The proportions of 
these gases are variable ; || the most common are carbonic acid and nitrogen ; 
marsh gas is found when oxidation is impeded, and sulphuretted hydrogen 
and ammonium sulphide, which form in the sewer-water in most cases, are 
liberated from time to time. The gases, however, are, as a rule, of far less 
importance than the foetid organic matters, the exact nature of which it would 
be most desirable to examine more thoroughly. 

The organic vapour is carbo-ammoniacal ; the putrid substance in the sewer 
water appears, from Odling’s observations, to be allied to the compound 
ammonias ; it contains more carbon than methylamine (NH,(CH,) ), and less 
than ethylamine (NH,(C,H,) ). 


The composition of sewer air will, of course, vary infinitely with the amount 
of gases disengaged and the degree of ventilation in the sewer. The quantity 


* Barker, On Malaria and Miasmata, p. 245. t+ Oesterlen, Hygiene, 1857, p. 445. 

t Ann. d'Hygiene, Oct. 1868, p. 178. § Oesterlen, Handb. der Hyg., 2d edition, p. 445. 

| Dr Letheby’s experiments, as given in his official Report, in his article in the Ency- 
clopdia Britannica (Sanitary Science), &c., and in a letter to Dr Adams (given by Dr Adams 
in his pamphlet, The Sanitary Aspect of the Sewage Question, 1868, p. 84), are the most 
complete on this subject. Taking the last statement of his views as representing his opinion 
I yather that sewer-water (containing 128°8 grains of organic matter per gallon), excluded from 
air, gave out ows 9 weeks 1°2 cubic inches of gas per hour, consisting per cent. of 73°833 
of marsh gas, 15°899 of carbonic acid, 10°187 of nitrogen, and 0°081 of sulphuretted hydrogen. 
When atmospheric air is admitted, I infer that Dr Letheby thinks the chief gases are carbonic 
acid and nitrogen, with but mere traces of sulphuretted hydrogen. That marsh gas in large 
quantities can be, however, formed, is shown by Letheby’s observations on the gases evolved 
in the London sewers in 1866 where carbolic acid was used ; the gas was frequently fired by 
the candles of the sewer-men, and was found to contain 88°45 per cent. of marsh gas, the for- 
mation of which was favoured, Letheby thinks, by the action of the carbolic acid ; and this 
is probable, since Angus Smith (Disinfectants and Disinfection, p. 25) found the gas given otf 
by the putrid sewage at the bottom of the Medlock, the water over which was free from oxygen, 
to contain almost the same quantity of marshfgas—viz., 88°81 per cent. ; the other gases be- 
ing carbonic acid, 5.84; and nitrogen, 5°35 per cent. The evolution of marsh gas will there- 
fore, in part at any rate, depend on the amount of exposure, and on the absorption of air by the 
sewer-water. Letheby’s experiments shows less sulphuretted hydrogen than might have been 
anticipated, both from the large amount of sulphides usually present in sewer-water, and the 
amount of su]phuretted hydrogen proved to exist in the air of many sewers. With regard to 
the quantity of gases disengaged, I gave, in a former edition of this work, the amount of 1 to 14 
cubic inch of gas ne from London sewage per gallon per hour di the sewers, as this 
is my interpretation of Letheby’s account of his experiments, as given in the Encyclupedia 
Britannica (art. Sanitary Science); but Dr Adams, of Glasgow, has pointed out that Dr 
Letheby’s sr ahh represent the gases disengaged in the seta ba Ae at a higher tem- 
perature. e amount of gas evolution in the sewers themselves has not been, I believe, 
actually determined, and will no doubt vary according to the quantity of water, the tempera- 
ture, rapidity of flow in the sewer, &c. 
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of oxygen is sometimes in normal amount; it may, however, be diminis 

in very badly constructed sewers. Parent: Duchttolet gave an analysis of ie 
air of a choked sewer in Paris, which contained only 13°79 per cent. of 
oxygen,* and no less than 2°99 per cent. of sulphuretted hydrogen. Exclud- 
ing this analysis, the greatest impurity in the old Parisian sewers, as deter- 
mined by Gaultier de Claubry, in 19 analysest in 1829, was 3-4 per cent. of 
carbonic acid, and 1:25 per cent. of sulphuretted hydrogen (in different 
samples of air). The lowest amount of oxygen was 17:4 per cent. Sul- 
phuretted hydrogen was present in 18 out of 19 cases; the mean of the 
whole 19 cases being ‘81 per cent. The mean amount of carbonic acid in 19 
cases was 2°3 percent. In the present London sewers of good construction 
the air is much less impure. Dr Letheby found only ‘532 per cent. of 
carbonic acid, a good deal of ammonia, and only*traces of sulphuretted and 
carburetted hydrogen. Dr Miller’s experiments in 1867{ gave a mean of only 
0-106 per cent. of carbonic acid in 18 analyses, and ‘307 per cent. in 6 other 
instances, the oxygen being 20°71 per cent. No sulphuretted hydrogen was 
present. Dr Russell examined the air in the sewers of Paddington in 
August ; the most impure air contained 20°7 oxygen, 78°79 nitrogen, and ‘51 
volumes of carbonic acid per cent. ; there was very little ammonia, and no 
sulphuretted hydrogen. 

It is evident that, if we take the carbonic acid and sulphuretted hydrogen 
as indices, sewer air has no constant composition. It is sometimes almost as 
pure as the outside air, while at other times it may be highly impure. But 
these gases are probably the least important ingredients of sewer air; that 
organic matters are present is evident from the peculiar fotid smell, and in 
some cases they are in large amount; 8000 cubic feet of the air of a house 
into which sewer air had penetrated destroyed more than 20 times as much 
potassium permanganate as the same quantity of pure air (Angus Smith). 
Fungi grow rapidly in such air, and meat and milk soon taint when exposed 
to it. When the sewer air passes through charcoal these substances are 
absorbed ; they may be partly oxidised, as Dr Miller found some nitric acid 
in the charcoal, but they also collect in the charcoal, and can be recovered (in 
part at any rate) from it by distillation.§ 

We must also suppose, for facts leave us no other explanation, that the 
unknown agencies which produce typhoid fever may also be present and 
there can be little doubt that cholera || may occasionally spread in the same 
way. The poison of yellow fever (as appears likely from the epidemic 
in Madrid) may also exist in sewer air. Whether small-pox, scarlet fever, &c., 
can own a similar channel of distribution is uncertain; that dysentery and 
diarrhoea may also be caused by exhalations proceeding from a foul sewer we 
cannot doubt, but the precise agency is here also unknown. 

The experiments of Professor Frankland{ show that solid or liquid 
matter is not likely to be scattered into the air from the sewage itself by any 
agitation it is likely to undergo, until gas begins to be generated in it. He 
found that no ordinary agitation (even greater than sewer water is likely to 
meet with) would scatter particles of lithia solution into the air, but 
that the bursting of bubbles of carbonic acid gas was sufficient to effect it. 


* Hygidne publ, t. i. p. 209, footnote, and p. 390. 

+ Parent-Duchitelet’s Hyg. publique, t. i. p. 389. 

+ Abstract in Chemical News, March 1868. 

§ Miller, Chemical News, March 1868. Ddnes 

| A case in which sewers probably played a part in the dissemination of cholera ia given in 
my Report on the pclae in Southamption in 1866 to the Medical Officer of the Privy Council, 

z Proceedings of the Royal Society. 1877. 
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Hence he argues (with apparent truth) that sewage becomes dangerous in this 
way only after the setting in of decomposition, so that if we take proper steps 
to carry away sewage at once the danger becomes reduced to a minimum. 

Dr D. D. Cunningham found large quantities of Bacteria in the air of the 
Calcutta sewers. 


Air of Churchyards and Vaulte. 


The decomposition of bodies gives rise to a very large amount of carbonic 
acid. It has been calculated that when intramural burial was carried on in 
London, 24 millions of cubic feet of CO, were disengaged annually from the 
52,000 bodies then buried. Ammonia and an offensive putrid vapour are also 
given off. The air of mogt cemeteries is richer in carbonic acid (‘7 to ‘9 per 
1000, Ramon da Luna), and the organic matter is perceptibly large when 
tested by potassium permanganate. In vaults, the air contains much carbonic 
acid, carbonate or sulphide of ammonium, nitrogen, hydrosulphuric acid, and 
organic matter. Waller Lewis found little SH, or CH ; or cyanogen, or phos- 
phoretted hydrogen. In his experiments the gas always extinguished flame. 

Fungi and germs of infusoria abound. 


Air vitiated by certain Trades. 


Hydrochloric acid gas, from alkali works. 

Sulphurous and sulphuric acids, from copper works—bleaching. 

Sulphuretted hydrogen, from several chemical works, especially of ammonia. 

Carbonic acid, carbonic oxide, and sulphuretted hydrogen, from brick-fields 
and cement-works. 

Carbonic oxide (in addition to above cases), from iron furnaces, gives rise 
to from 22 to 25 per cent. (Letheby); from copper furnaces, 15 to 19 per 
cent, (Letheby). 

' Organic vapours, from glue refiners, bone-burners, slaughter-houses, 
hackeries. 

Zinc fumes (oxide of zinc), from brassfounders. 

Arsenical fumes, from copper-smelting. 

Bisulphide of carbon, from some india-rubber works. 


Air of Towns. 


The air of towns may be vitiated by respiration, combustion, effluvia from 
the soil, sewers, and trades. The movement of the air tends, however, to con- 
tinually dilute and remove these impurities, and the heavier particles deposit, 
so that the air even of manufacturing towns is purer than might have been 
anticipated. The amount of oxygen in atmospheric air in the purest air near 
the surface of the earth, being taken as from 20°9 to 20-99 volumes per cent., 
and the carbonic acid being from ‘03 to 045 per cent., with a mean of “04, it 
would appear, from Angus Smith’s observations,* that in a crowded part of 
Manchester, exposed to smoke, the amount of oxygen was from 20-868 to 
20-179 per cent. ; the average of the street air taken from the laboratory front 
door was, in Manchester, 20-943; of the air taken from a closet, a midden 
behind the laboratory, 20°70. In the London air, in the open spaces, the 
oxygen amounted to 20°95; in the crowded eastern districts to 20°857.¢ In 
a foggy frost, in Manchester, when the smoke was not moving much, the 
amount was 20°91. In Glasgow the average was 20°9092. The variations 
are, therefore, within narrow limits. 





* Air and Rain, p, 24, + A. Smith, op. otf, p. 30. 
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The percentage leseening of oxygen in atmospheric air is partly made up b 
an increase in the carbonic acid; but if a town is well pall the ere Pe 
the carbonic acid is trifling ; the mean amount of CO, for London, in Roscoe's 
experiments, was’ only 037 volumes per cent.; in Manchester, in usual 
weather, A. Smith found the amount -0403 per cent.; during fogs, 0679; 
in the air above the middens, 0774 per cent. It is stated that there is a 
difference between close and open spaces in towns; thus, in the open spaces 
(parks) in London, the mean amount in A. Smith’s experiments was ‘0301 
per cent. ; in Newgate Street (in the City), it was 0413; in Lower Thames 
Street (City), 0428 per cent. It is not, however, stated whether the observa- 
tions were made simultaneously.* In Glasgow, the average carbonic acid was 
0502, and in Perth 04136 percent.¢ In foreign cities the amount is greater, 
and surpasses the normal limit in air. In Madrfa, Ramon da Luna found 
‘0517 as a mean average, and in some cases ‘08 per cent.; in Munich, the 
amount is ‘05 per cent. These numbers seem, after all, insignificant, but they 
are not really so, as the aggregate difference, if only ‘01 per cent., is consider- 
able. In the air of towns which burn coal there are also, as noted, an excess 
of acidity (sulphuric and hydrochloric acids), and various suspended matters 
(see ante), which no doubt have injurious effects. { 

The air of most towns, in addition to ammonia, also contains a nitrogenous 
substance which, when condensed in pure water, can be made to yicld 
albuminoid ammonia, by Wanklyn’s method. In various places in London, 
A. Smith§ found the amount to average ‘1509 milligrammes of albuminoid 
ammonia in 1 cubic metre. The greatest amount was in a field two miles past 
Clapham Junction (viz, ‘27108 milligrammes per cubic metre), and the least 
was in Westminster Abbey Yard (‘08555 milligrammes). At the shore at 
Innellan (Firth of Clyde), the amount was ‘1378 milligrammes, and the mcan 
in the streets of Glasgow was ‘3049 milligrammes per cubic metre. In the 
air of the Underground Railway, in London, the amount was ‘3734 
milligrammes.|| The mean of Mr Moss’s experiments in the open air of Ports- 
mouth was rather less, viz., 0886 milligrammes of albuminoid ammonia per 
cubic metre. This ammonia may be derived from the living beings in the air, 
or from dead organic matter; and to bring out the full meaning of such re- 
searches, the chemical must be supplemented by a microscopical examination. 

These observations prove how important it is to build towns in such a way 
as to ensure good perflation and movement of air everywhere, and to provide 
open spaces in all the densely-crowded parts. The great powers of nature, 
winds, and the fall of rain, will then, for the most part, keep the atmospheric 
impurities within limits not injurious to health. 


Air of Marshes. 


The air of typical marshes contains usually an excess of carbonic acid, 
which amounts, perhaps, to ‘6 or ‘8 or more per 1000 volumes. Watery 
vapour is usually in large quantity. Sulphuretted hydrogen is present, if the 





* In the neighbourhood of St Mary's ay ae Paddington, I found the mean COQ, to be 
0.056 per cent. in damp still weather, July 1875; the same locality in dry, hot weather, with 
a good deal of movement of air, 00416 ei cent. (Aug 1876) ; in the neighhourhood of University 
College Hospital, damp weather, 0-0736 per cent. in February 1877. (F. de. C.) 

+ he Smith, Air and Rain, F. 50, et seg. 

t There are also nitrous and nitric acids, due probably, to the oxidation of organic matters. 

§ Air and Rain, P. 437. I have stated the results in milligrammes per cubic metre, instead 
of grammes per million cubic metres. 

| In the garden of St Mary’s Hospital, Paddington, I found 0°5280 and 0:5206 mgms. hed 
M. c. fe page 105). Tn the back yard of Univeraity-College Hospital 0°2060 and 0°9675. 
(¥. * 
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water of the marsh contains sulphates, which in presence of organic matter, 
are converted into sulphurets, from which SH, is derived by the action of 
vegetable acids. Carburetted hydrogen is also often present, and occasionally 
free hydrogen and ammonia, and, it is said, phosphoretted hydrogen.* 

Organic matter also exists in considerable quantity. Discovered by 
Vauquelin (1810 and 1811, in the air collected over the Languedoc marshes) 
by De Lisle, and again by Moscati (1818, in the air of a Lombardy rice-field), 
and examined more recently by Boussingault (1829, 1839), Gigot (1859), and 
Becchi (1861), the organic matter seems to have much the same character 
always. It blackens sulphuric acid when the air is drawn through it; gives 
a reddish colour to nitrate of silver; has a flocculent appearance, and some- 
times a peculiar marshy smell, and, heated with soda-lime, affords evidence of 
ammonia. The amount # Becchi’s experiments was 00027 grammes in a 
cubic metre of air (= 000118 grains in 1 cubic foot). Ozone, led through a 
solution of this organic matter, did not destroy it. It is said to destroy 
quinine. Besides this organic matter, various vegetable matters and animals, 
floating in the air, are arrested when the air of marshes is drawn through water, 
or sulphuric acid, and débris of plants, infusoria, insects, and even, it is said, 
small crustacea are found ; the ascensional force given by the evaporation of 
water, seems, indeed, to be sufficient to lift comparatively large animals into 
the air. Dr M. P. Balestrat has described spores and sporangia of a little 
algoid plant in the air of Rome and its vicinity, and the same plant is found 
abundantly in the water of the marshes near Rome. LJalestra is inclined to 
attribute marsh fever to this widely diffused ‘“‘microphyte granule.” It has 
been stated that ozone is deficient in the air over marshes, but the observations 
of Burdel (“ Recherches sur les fiévres paludéennes,” 1858) do not confirm this. 
He often found as much ozone as in other air. In the air collected from the 
surface of lakes, containing some aquatic plants, especially the Chara, there is 
a large proportion of oxygen, and this air gives, near the surface, the reaction 
of ozone (Clemens), while at some feet above ‘the reaction is lost. This is 
usually ascribed to the oxidation of organic matter, which rises simultaneously 
from the water. 


Air in the Holds of Ships. 


The air in the holds of ships is compounded of exhalations from the wood, 
bilge-water, and cargo. Owing to the comparative immobility of the air, it 
often becomes extremely foul. The composition is not known, but the smell 
of sulphuretted hydrogen is very perceptible, and white paint is blackened. 
In some cases, when the water-tanks are filled by condensed water from the 
engines, which is not well cooled, the hold may become extremely hot (100° 
to 120° Fahr.), and decomposition be much increased. 


Air of Mines. 


In the metalliferous mines the air, acccording to Angus Smith,+ is poor in 
oxygen (20°5 per cent. sometimes), and very rich in carbonic acid (7°85 per 
1000 volumes on a mean of many experiments). It also contains organic 
matter, giving, when burnt, the smell of burnt feathers, in uncertain amount. 
These impurities arise from respiration, combustion from lights, and from 








* Toropoff (of St Petershurg), considers malaria poison gaseous; after removing wate 
oxygen maa carbonic acid, be found marsh air still yielded 84 to 89 per cent of gase oa mee 
whtlat hill air gave only 81, 

+ Comptes Rendus, 1870, No. 8, July, p. 285. 

t Report on Mines, Blue Book, 1864. ‘ 
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gunpowder blasting. This latter process adds to the air, in addition to 
carbonic acid, carbonic oxide, hydrogen and sulphuretted hydrogen, various 
solid particles, consisting of suspended salts, which may amount to as much as 
3 grains in each cubic foot of air. These suspended substances are especially 
sulphate of potash, carbonate of potash, hyposulphite of potash, sulphide of 
potassium, sulphocyanide of potassium, nitrate of potassium, carbon, sulphur, 
and sesquicarbonate of ammonia. 


SECTION IL. 
DISEASES PRODUCED BY IMPURITIES IN AIR. 
Sup-Szcrion L—Susprnpep Sotip Marrers. 


1. Dead Substances.—The effect which is produced on the respiratory organs 
by substances inhaled into the lungs has long been known. Ramazzini and 
several other writers in the last century, and Thackrah about forty years ayo 
in this country, directed special attention to this point, and since that time a 
great amount of evidence has accumulated,* which shows that the effect of 
dust of different kinds in the air isa far more potent cause of respiratory 
diseases than is usually admitted. Affections of the digestive organs are also 
caused, but ina much slighter degree. The respiratory affections are fre- 
quently recurring catarrhs (either dry or with expectoration) and bronchitis, 
with subsequent emphysema, although this sequence appears from the figures 
given by Hirt to be not quite so frequent as was supposed, perhaps from the 
cough not being violent. Acute pneumonia, and especially chronic non- 
tubercular phthisis, are also produced. The suspended matters in the air 
which may produce these affections may be mineral, vegetable, or animal; 
but it would seem that the severity of the effects is chiefly dependent on the 
amount of dust, and on the physical conditions as to angularity, roughness, or 
smoothness of the particles, and not on the nature of the substance, except In 
some special cases. A large number of the unhealthy trades are chiefly so 
from this cause; this is the case, in fact, with miners of all kinds.¢ Mr 
Simon { states that, with one exception, the 300,000 miners in England break 
down as a class prematurely from bronchitis and pneumonia caused by the 
atmosphere in which they live. The exception is most important. The 
colliers of Durham and Northumberland, where the mines are well ventilated, 
do not appear to suffer from an excess of pulmonary disease, or do so in a 
slight degree. 

In different mines, also, the amount of pulmonary disease is different, 
apparently according to the amount of ventilation. 

The following table by the Registrar-General is printed in the Report of 
the Commissioners on Mines, Blue-book, 1864 :— oo 


* The whole subject has been lately very carefully investigated by Hirt. Die Krankheiten 
der Arbeiter, Erste Theil, Die Staubinhalations-Krankheiten, vo. Dr L. Hirt, 1871. 

+ Thakrah enumerates the following in his work on the Effect of Arts, Trades, and Pro- 
fessions on Health, 1882. p. 63 :—The workmen who were affected injuriously by the dust of 
their trades 40 years ago even, and the same list will almost do forthe present day: Corn- 
millers, maltsters, teamen, coffee-roasters, snuff-makers, papermakers, flock-dressers, feather- 
dressers, shoddy-grinders, weavers of coverlets, weavers of harding, dressers of hair, hatters 
employed in the bowing department, dressers of coloured leather, workers in flax, dressers of 
hemp, some workers in wood, wire-grinders, masons, colliers, iron miners, lead miners, grinders 
of metals, file cutters, machine-makers, makers of firearms, button-makers. — 

+ Fourth Report of the Medical Officer of the Privy Council, 1862, p. 15, e¢ seg. See also 
Arlidge in B. and F. Med. Chir, Rev. July 1864, for the effects of the pottery trade. 

H 
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Average Annual Deaths per 1000 from Pulmonary Disease during the 
Years 1860-62 inclusive. 





etal Miners | Metal Miners | Males, exclusive 
Ages. MW Corawall, | in Yorkshire in Wales. PS lice 
Between 15 and 25 years, 3°77 3°40 3°97 
2B yy 8B yg 415 6°40 5-15 
» 85, 45. 7°89 11°76 8°59 
» 45 ,, 55, 19°75 23°18 5°21 
ABB OB. 5, 48°29 41°47 7-29 
» 65, 75 ,, 45°04 53°69 17°44 





The enormous increase of lung diseases among the miners after the age of 
35, is seen at a glance. 

In the pottery trade all classes of workmen are exposed to dust, especially, 
however, the flat-pressers. So common is emphysema that it is called “the 
potters’ asthma.” 

So also among the china scourers ; the light flint dust disengaged in great 
quantities is a “‘terrible irritant.” Dr Greenhow states that all sooner or 
later become “ asthmatical.” 

The grinders of steel, especially of the finer tools, are perhaps the most 
fatally attacked of all, though of late years the evil has been somewhat 
lessened by the introduction of wet-grinding in some cases, by the use of 
ventilated wheel-boxes, and by covering the work with linen covers when 
practicable. The wearing of masks and coverings for the mouth appears to 
be inconvenient, otherwise there is no doubt that a great amount of the dust 
might be stopped by very simple contrivances, * 

Button-makers, especially the makers of pearl buttons, also suffer from 
chronic bronchitis, which is often attended with hemoptysis. So also pin- 
pointers, some electro-plate workmen, and many other trades of the like kind, 
are more or less similarly affected. 

In some of the textile manufactures much harm is done in the same way. 
In the carding rooms of cotton, and wool, and silk spinners, there is a great 
amount of dust and flue, and the daily grinding of the engines disengages also 
fine particles of steel. Since the cotton famine, a size composed in part of 
china clay (35°35 grains of clay, in 100 of sizing on an average), has been 
much used in cotton mills, and the dust arising seems certainly to be produc- 
ing injurious effects on the lungs of the weaver.t+ 

In flax factories a very. irritating dust is produced in the process of hack- 
ling, carding, line-preparing, and tow-spinning. Of 107 operatives, whose 
cases were taken indiscriminately by Dr Greenhow, no less than 79 were 
suffering from bronchial irritation, and in 19 of these there had been 
hemoptysis. Among 27 hacklers, 23 were diseased.t In shoddy factories, 
also, the same thing occurs. These evils appear to be entirely and easily 
preventable. In some kinds of glass-making, also, the workmen suffer from 
floating particles of sand and felspar, and sometimes potash or soda-salts, 

The makers of grinding-stones suffer in the same way ; and children work- 
ing in the making of sand-paper are seriously affected, sometimes in a very 
short time, by the inhalation of fine particles of sand into the lungs. 


* See for farther particulars and much interesting information Dr Hall’s paper read at the 
Social Science Congress in 1865. 

+G. Buchanan’s Report on certain Sizing Processes used in the Cotton Manufacture at 
Todmorden, Ordered to he printed by the House of Commons. May 1¢72, 
_ £MrSimon’s Fourth Report, p. 19, 
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In making Portland cement, the burnt masses of cement are ground down, 
and then the powder is shovelled into sacks; the workmen doing this cough 
a great deal, and often expectorate little masses of cement. I have been in- 
formed by some of them that if they had to do the same work every day, it 
would be impossible to continue it on account of the lung affection. 

The makers of matches, who are exposed to the fumes of phosphorus, suffer 
from necrosis of the jaw, if there happens to be any exposed part on which 
the fumes can act. 

In making bichromate of potash, the heat and vapour employed carry up 
fine particles, which lodge in the nose and cause great irritation, and finally 
ulceration, and destruction of both mucous membrane and bone. Those who 
take snuff escape this. The mouth is not affectedsas the fluids dissolve and 
get rid of the salt, The skin is also irritated if the salt is rubbed on it, and 
fistulous sores are apt to be produced. No effect is noticed to be produced on 
the lungs.* Washing the skin with subacetate of lead is the best treatment. 

In the process of sulphuring vines the eyes often suffer, and sometimes 
(especially when lime is used with the sulphur) decided bronchitis is produced. 

In some trades, or under special circumstances, the fumes of metals, or par- 
ticles of metallic compounds, pass into the air. Brassfounders suffer from 
bronchitis and asthma, as in other trades in which dust is inhaled; but in 
addition, they also suffer from the disease described by Thackrah as “ brass 
ague,” and by Dr Greenhow as “ brassfounders’ ague.” It appears to be pro- 
duced by the inhalation of fumes of oxide of zinc ; + the symptoms are tight- 
ness and oppression of the chest, with indefinite nervous sensations, followed 
by shivering, an indistinct hot stage, and profuse sweating. These attacks 
are not periodical. 

Coppersmiths are affected somewhat in the same way, by the fumes arising 
from the partly volatilised metal, or from the spelter (solder). 

Tinplate workers also suffer occasionally from the fumes of the soldering. 

Plumbers inhale the volatilised oxide of lead which rises during the process 
of casting. Nausea and tightness of the chest are the first symptoms, and 
then colic and palsy. 

Manufacturers of white lead inhale the dust chiefly from the white beds 
and the packing. 

House painters also inhale the dust of white lead to a certain extent, though 
in these, as in former cases, much lead is swallowed from want of cleanliness 
of the hands in taking food. 

Workers in tobacco factories also suffer in some cases, and there are persons 
who can never get accustomed to the work ; yet with proper care and ventilu- 
tion it appearst that no bad effects ordinarily result. 

Workers in mercury, silverers of mirrors, and water gilders (men who coat 
silver with an amalgam of mercury and gold), are subject to mercurialismus. 

‘Workmen who use arsenica]l compounds, either in the making of wall papers 
or of artificial flowers, &c., suffer from slight symptoms of arsenical poisoning, 
and many persons who have inhaled the dust of rooms papered with arsenical 
papers have suffered from both local and constitutional etfects,—the local being 
smarting of the gums, eyes, nose, edema of the eyelids, and little ulcers on the 
exposed parts of the body ; the constitutional being weakness, fainting, asthma, 





* Chevallier, Ann. d’Hygiéne, July 1863, p. 88. : . 
+ Some doubt has been expressed as to those symptoms being produced by pure zinc fumes ; 
see Hirt (op. cit.) who says that men employed in making zinc houses, where they inhale mr 
zinc fumes without copper, never suffer from brassfounder’s ague. On the other han he 
describes very phically the effect of the metallic fumes (copper #) on himself. The workmen 
think that drinking a ae of milk lessens the severity of the attacks. 
« $ Hirt, op, cit. p, 162-163. 
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anorexia, thirst, diarrhoea, and sometimes even severe nervous symptoms, 
Arsenic has been detected in the urine of such persons. 

A. Manouvriez* gives an account of the diseases among workmen in France 
employed in making patent fuel, a mixture of coal-dust and pitch. He says 
that they suffer from melanodermy, cutaneous eruptions, and epithelial cancers, 
affections of the eyes, ears, and nose; bronchitis with pulmonary pseudo- 
melanosis; and gastro-entero-hepatic disorders. Hirt also mentions some of 
the diseases produced among workmen by the various tar-products. 

2. Laving Substances, as Infusoria, Fungi, Algae, or their germs, or Pollen 
or Efluvia of Flowers.—That summer catarrh or hay-fever is produced in many 
persons by the pollen from grasses (especially Anthoxanthum odoratum), trees 
or flowers, is now generclly admitted. The researches of Dr Blackley, of 
Manchester (himself a sufferer), have placed the matter beyond a doubt. In 
his case, at least, it was pollen that produced the disease, and not the effluvia 
merely, Coumarin had no effect. Grass-pollen (which constitutes 95 per 
cent. of the pollen floating in the atmosphere) and the pollen from pine-trees 
were the most powerful in effect. Curiously enough the pollen of poisonous 
plants, such as the Solaneacee, was often comparatively innocuous. It is also 
known that the spores of certain fungi in falling on a proper soil may cause 
disease of the skin in men, and that tinea and favus are thus sometimes spread 
seems certain. The attempt, however, to connect the spread of the specific 
diseases with fungi or alg has not yet been successful, in spite of the careful 
researches of several authors.[ Dr Salisbury of Ohio has attemped to trace 
ague to a Pulmella; others have ascribed it to the Oscillarincse generally ; and 
Dr Balestra believes that a special alga is the efficient cause. 

Dr Salisbury has also affirmed that the prevalence of measles in the Federal 
army arose from fungi from mouldy straw. He inoculated himself, his wife, 
and forty other persons with the fungi, and produced a discase like measles 
in from 24 to 96 hours. It is stated also that this disease was protective 
against measles. Dr Woodward (United States Army) has repeated Dr 
Salisbury’s experiments, and does not confirm them.§ 

Professor Hallier of Jona has to some extent adopted the view that fungi 
give rise to some of the specific diseases, and that the spores float in the air, 
and are thus communicated, but the proofs are not satisfactory.|| 

Dr}. D. Cunningham says that he was unable to connect any disease, in 
Calcutta, with the occurrence of bacteria or other bodies in the air, either as 
regards variation in kind or in quantity. 

Blackley found that Chaefonium elatum (bristle mould) produced nausea, 
fainting, and giddiness, and the spores of penicillium (inhaled) brought on 
hoarseness, going on to complete aphonia; the condition lasted two days, and 
ended in a sharpish attack of catarrh. 

3. The Contagia.—Under this head it will be convenient to include the 
unknown causes of the specific diseases. That these in some cases (scarlct 
fever, small-pox, measles, typhus, enteric fever, plague, pertussis, yellow fever, 
influenza, &c.,) reach the person through the medium of air (as well as in 
some cases through water or food) cannot be doubted. Some of these contagia 


* Annales d’Hygiéne, March, 1876. 
+ Op.ctt 


tI refer especially to Adam Neale, Cowdell, Mitchell, Holland, and others. 

§ Camp Diseases in the U.S. Army, p 278. The fungus isa Penicillium. Dr Wood (Pro- 
fessor of Botany in the University of Philadelphia) has advanced (Amer. Jour, of Med. Sci. 
1868) some extremely strong botanical arguments against the view that malarial diseases can 
be owing to Palmella. 

|| Many papers on this subject by Hallier and others are contained ‘in Hallier’s Zeitschrift 
fiir Parasitenkunde. 
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have in some way a power of growth and multiplication in the body of a 
susceptible animal, but whether they can find nourishment, and thus grow in 
the air, is yet doubtful. It seems clear, however, that they can retain the 
powers of growth for some time, as the smallpox and scarlet fever poisons 
may infect the air of a room for weeks, and cattle plague and enteric fever 
poisons will last for months,* and in this they resemble the Protococci and 
other low powers of life, which can be dried for years, and yet retain vitality. 

The exact condition of the agency is unknown; whether it is in the form 
of impalpable particles, or moist or dried epithelium and pus cells, is a point 
for future inquiry ; and whether it is always contained in the substances dis- 
charged or thrown off from the body (as is certainly the case in smallpox), or 
is produced by putrefactive changes in those discharges, as is supposed to be 
the case in cholera and dysentery, is also a matter®f doubt. Bakewell} has 
collected dust deposited at a height of 7 or 8 feet in smallpox wards, which 
contained the minute scabs with the epidermic scales and variolous corpuscles 
which are thrown off from the skin in smallpox. The modern expositors of 
the old doctrine of fomites would consider these organic matters to be incon- 
ceivably minute particles of living, or to use Dr Beale’s phrase, bioplastic 
matter, which is capable, he believes, of wonderfully rapid growth under 
proper conditions.{ From the way in which, in many cases, organic sub- 
stances in the air are absorbed by hygroscopic bodies, it would appear that it 
is often combined with, or is at any rate condensed with, the water of the 
atmosphere. 

The specific poisons manifestly differ in tho ease with which they are 
oxidised and destroyed. The poison of typhus exanthematicus is very readily 
got rid of by free ventilation, by means of which it must be at once diluted 
and oxidised, so that a few feet give, under such circumstances, sufficient pro- 
tection. This is the case also with the poison of omental plague, while, on 
the other hand, the poisons of smallpox and scarlet fever will spread in spite 
of very free ventilation, and retain their power of causing the same disease 
for a long time. Is it that in one case the poison is a mere cloud of 
molecules; that in the other it is contained in epithelium and pus cells, 
thrown off from the skin in both cases, and from the throat also in one; and 
which adhering to walls, clothes, &c., partially dry, can be rendered again 
active by warmth and moisture? In the case of malaria, the process of 
oxidation must be slow, since the poison can certainly be carried for many 
hundred yards ; even sometimes for more than a mile in an upward direction 
(up a ravine for instance), or horizontally, if it does not pass over the surface 
of watcr. The poison of cholera also, it is supposed, can be blown by the 
winds for some distance; but the most recent observations on its mode of 
spread lead to the conclusion that the portability of the poison in this way 
has been greatly overrated. 

But the specific poisons are not the only suspended substances which thus 
float through the atmosphere. 

There can be no doubt that while purulent and granular ophthalmia most 
frequently spread by direct transference of the pus or epithelium cells, by 
means of towels, &., and that erysipelas and hospital gangrene, in surgical 
wards, are often carried in a similar way, by dirty sponges and dressings, 





* The long retention of power by the enteric fever poison is shown by a case related to me 
by Dr Becher (Army Med. Department Report, vol. 10. p. 237). The typhoid poison appears 
to have adhered to the walls and ceiling, and to have retained its power to excite disease in 
another person fora month; it was not destroyed by the heat of a very hot Indian station 
(Gwalior, ) in apie tf 

+ Med. Times and Gazette, Dec. 7, 1872. 

+ See chapter on Disinfection for a fuller notice of these points. 
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another mode of transference is by the passage into the atmosphere of disin- 
tegrating pus cells and putrifying organic particles, and hence the great 
effect of free ventilation in military ophthalmia (Stromeyer), and in erysipelas 
and hospital gangrene. In both these diseases, great evaporation from the 
walls or floor seems in some way to aid the diffusion, either by giving a great 
degree of humidity, or in some other way: The practice of frequently wash- 
ing the floors of hospitals is well known to increase the chance of erysipelas. 

It is a question even whether we shall not be obliged to extend this view, 
and to believe that every pus or epithelium cell, or even formless organic sub- 
stance, floating in the air, may, if it find a proper place or nidus in or on 
which it can be received, communicate to ita own action, and thus act as a true 
contagium. 


Sin Saoriox IL—Gasrous MarTrTsrs. 


(a) Carbonic Acid.—The normal quantity of carbonic acid being 4 volumes 
per 1000, it produces fatal results when the amount reaches from 50 to 100 
per 1000 volumes; and at an amount much below this, 15 to 20 per 1000, it 
produces, in some persons at any rate, severe headache. Other persons can 
inhale, for a brief period, considerable quantities of carbonic acid without 
injury ;+ and animals can be kept for a long time in an atmosphere highly 
charged with it, provided the amount of oxygen be also increased. In the 
air of respiration, headache and vertigo are produced when the amount of car- 
bonic acid is not more than 1°5 to 3 volumes per 1000; but then organic 
matters, and possibly other gases, are present in the air, and the amount of 
oxygen is also lessened. Well-sinkers, when not actually disabled from con- 
tinuing their work by carbonic acid, are often affected by headache, sickness, 
and loss of appetite; but the amount of carbonic acid has never been 
determined. 

The effect of constantly breathing an atmosphere containing an excess of 
carbonic acid (up to 1 or 1:5 per 1000 volumes) is not yet perfectly known. 
Dr Angus Smith} has attempted to determine the effect of carbonic acid per se, 
the influence of the organic matter of respiration being eliminated. He found 
that 30 volumes per 1000 caused great feeblencss of the circulation, with usual 
slowness of the heart’s action ; the respirations were, on the contrary, quickened, 
but were sometimes gasping. These effects lessened when the amount of car- 
bonic acid was smaller, but were perceptible when the amount was as low as 
1 volume per 1000—an amount often exceeded in dwelling-houses. At the 
same time, this is not the case always, for in the air of a soda-water manu- 
factory, where the carbonic acid was 2 per 1000, Smith found no discomfort 
to be produced. The effects noticed by Smith have not been observed in ex- 
periments on animals (by Demarquay, W. Miller, and Eulenberg),§ nor in 
other cases in men, as in the bath at Oeynhausen, where no effect is produced 
by the air of the room in which the bathers remain for 30 to 60 minutes, although 
it contains a large percentage of carbonic acid. It has been supposed that lung 
diseases, especially phthisis, are produced by carbonic acid ; but as this opinion 
has been drawn merely from the effects of the air of respiration, which is 
otherwise vitiated, it cannot be considered to stand on any sure basis. Hirt 
finds no symptoms of chronic poisoning by CO,, even in trades where acute 
poisoning occasionally occurs.|| 





* See my Reports on St Mary’s Hospital, loc. cit. (F. de C.) 

+ It is stated that Sir R. Christison has employed air containing 20 per cent. of carbonic acid 
as an anssthetic. (Taylor's Jurisprudence, 1865, p. 718.) 

+ Air and Rain, p. 209, et. seq. oted By Roth and Lex., op. cit. p. 176, 
|| Die Krankheiten der Arbeiter, Erste Abtheilung, 2'* Theil, 1873. - 
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The presence of a large amount of carbonic acid in the air may lessen the 
elimination of carbonic acid from the lungs, and thus retain the gas in the 
blood, and in time possibly produce serious alterations in nutrition. 

(b) Carbonic Oxide.—Of the immense effect of carbonic oxide, there is no 
doubt. ‘Less than one-half per cent. has produced poisonous symptoms, and 
more than one per cent. is rapidly fatal to animals. It appears from Bernard’s, 
and from Lothir Meyer’s observations,* that the carbonic oxide, volume for 
volume, completely replaces the oxygen in the blood, and cannot be again dis- 
placed by oxygen, so that the person dies asphyxiated ; but Pokrowsky has 
shownt that the carbonic oxide may gradually be converted into carbonic acid, 
and be in that way got rid of. It seems, in fact, as Hoppe-Seyler conjectured, 
to completely paralyse, so to speak, the red particles, so that they cannot any 
longer be the carriers of oxygen. The observations of Dr Klebert show that, 
in addition to loss of consciousness and destruction of reflex action, the car- 
bonic oxide causes complete atony of the vessels, diminution of the vascular 
pressure, and slowness of circulation, and finally, paralysis of the heart. A 
very rapid parenchymatous degeneration takes place in the heart and muscles 
generally, and in the liver, spleen, and kidneys. Hirt§ says that at high 
temperatures (25° — 32° cent. = 77° — 90° Fahr.) carbonic oxide produces con- 
vulsions, but not at low temperatures (8° — 12° cent. = 46° — 53° Fahr.). 

(c) Sulphuretted Hydrogen.—The evidence with regard to sulphuretted 
hydrogen is contradictory. While dogs and horses are affected by compar- 
atively small quantities (1:25 and 4 volumes per 1000 volumes of air), and 
suffer from purging and rapid prostration, men can breathe a larger quantity. 
Parent-Duchatelet inhaled an atmosphere containing 29 volumes per 1000 for 
some short time.|| 

When inhaled in smaller quantities, and more continuously, it has appeared 
in some cases harmless, in others hurtful. Thackrah, in his inquiries, could 
trace no bad effect. It is said that in the Bonnington chemical-works, where 
the ammoniacal liquor from the Edinburgh gas-works is converted into sulphate 
and chloride of ammonium, the workmen are exposed to the fumes of hydro- 
sulphate of ammonia, and of hydrosulphuric acid, to such an extent that coins 
are blackened ; yet no special malady is known to result. The same observa- 
tions have been made at the Britannia metal-works, where a superficial deposit 
of sulphuret is decomposed with acids. 

Hirt has no doubt of the occurrence of chronic poison among men who work 
among large quantities of the gas. The symptoms are chiefly weakness, 
depression, perfect anorexia, slow pulse, furred tongue, mucous membrane of 
the mouth pale, as is also the face. Sometimes there is furunculoid erup- 
tion in different parts of the body. In some cases there are vertigo, headache, 
nausea, diarrhoea, emaciation, and head symptoms, “like a case of very slow- 
running typhus.” He notices differences of susceptibility, which is also 
sometimes increased with custom. 

So large a quantity of SH, is given out from some of the salt marshes at 
Singapore, that slips of paper moistened in acetate of lead are blackened in 
the open air, yet, not only is no bad effect found to ensue, but Dr Little has 


ea aerate 


* De Sanguine Oxydo Carbonico Infecto, 1858. Reviewed in Virchow’s Archiv, band xv. 
p. 809. See also Letheby, Chemical News, April 1862. 

+ Virchow’s Archiv, band xxx. p. 525 (1864), 

; et ea xxxii. p. 450 (1865). 

il On dogs, Herbert Barker found a larger quantity necessary than that stated above: viz. 
4°29 per 1600 is rapidly fatal ; 2°06 per 1000 may be fatal ; but ‘5 per 1000 may produce serious 
symptoms. 

TJ Op. ctt. . 
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even conjectured (on very disputable grounds, however,) that the SH, may 
neutralise the marsh miasma. 

On the other hand, some of the worst marshes in Italy are these in which 
SH, exists in large quantity in the air, and, in direct opposition to Little, it 
has been supposed that the highly poisonous action of the marsh gas is partly 
owing to the sulphuretted hydrogen. Again, in the making of the Thames 
Tunnel, the men were exposed to SH,, which was formed from the decom- 
position of iron pyrites; after a time they became feeble, lost their appetites, 
and finally passed into a state of great prostration and anwmia. Nor, as far 
as is known, was there anything to account for this except the presence of 
sulphuretted hydrogen.* 

Dr Josephson and Rawitzt} have also investigated in mines effects produced 
apparently by sulphuretted hydrogen; two forms of disease are produced— 
pure narcotic, and convulsive and tetanic symptoms. In the first case, the 
men became pale, the extremities got cold. There was headache, vertigo, a 
small weak pulse, sweating, and great loss of strength. On this, spasms and 
tremblings sometimes followed, and even tetanus. These symptoms were 
acute, and not, as in the Thames Tunnel case chronic. "When these attacks 
occurred, the temperature was high and the air stagnant. 

The obversations of Clemens, also, on the development of boils from the 

ge of SH, into the drinking water from the air, if not convincing, cannot 
be overlooked. (See page 55.f) 

The symptoms produced by ammonium sulphide in dogs are said, by 
Herbert Barker,§ to differ from those of SH, There is vomiting without 
purging, quickened pulse, and heat of skin, followed by coldness and rapid 
sinking. When sulphuretied hydrogen and ammonium sulphide, dissolved in 
water, are injected into the blood,|| they, and especially SH,, produce the 
same symptoms as the injection of non-corpuscular putrid fluids, viz., profuse 
diarrhoeal evacuations, with sometimes marked choleraic symptoms and 
decided lowering of the temperature of the body, congestions of the lungs, 
liver, splecn, and kidneys, irritation of the spine, and opisthotonos. But, in 
this case, a much larger quantity will be introduced than by inhalation 
through the lungs. 

(d) Carburetted Hydrogen.—A large quantity of carburetted hydrogen can 
be breathed for a short time; as much, perhaps, as 200 to 300 volumes per 
1000. Above this amount it produces symptoms of poisoning, headache, 
vomiting, convulsions, stertor, dilated pupil, &c. 

Breathed in small quantities, as it constantly is by some miners, it has not 
been shown to produce any bad effects; but there, as in so many other cases, 
it is to be wished that a more careful examination of the point were made. 
Without producing any marked disease, it may yet act injuriously on the 
health. Hirt suys that cases of chronic poisoning are not uncommon. 

©) Ammoniacal Vapours.—An irritating effect on the conjunctiva seems 
to be the most marked effect of the presence of these vapours. I am not 
aware of any evidence showing any other effect on the health. (See Schloes- 
ing, Cumptes Rendus, 1875, vols. I. and IT.) 

(f) Sulphurous Acid Gas.—The bleachers in cotton and worsted manu- 
factories, and storers of woollen articles, are exposed to this gas, the amount 


* Taylors’s Med. Jurisp. 1865, p. 727. 

+ Schmidt's Jahr. band cx. P. $34, and band exvii. p. 86. 

tI notice, in the account of the new Laboratory at Leipzig, that Kolbe has made a ial 
arrangement for the supply of SH, from eaeomneters, as the custom of each man making the gas 
himself evolves so much that the health of all who are working in the room suffers. (Das Neue 
Chem. Lab. von Univ. Leipzig, p. 20.) ’ 

§ On Malaria and Miasmata, p. 212. || Weber, Syd. Soc. Year-Book for 1874, p. 227. 
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of which in the atmosphere is, however, unknown. The men suffer from 
bronchitis, and are frequently sallow and ansemic.* 

When sulphurous acid is evolved in the open air, and therefore at once 
largely diluted, as in copper smelting, it does not appear to produce any bad 
effects in men, though from being washed down with rain, it affects herbage, 
and, through the herbage, cattle, causing affections of the bones, falling off uf 
the hair, and emaciation. 

(9) Hydrochloric Acid Vapours in large quantities are very irritating to 
the lungs; when poured out into the air, as was formerly the case in the 
alkali manufactures, they are so diluted as apparently to produce no effect on 
men, but they completely destroy vegetation. In some processes for making 
steel, hydrochloric, sulphurous and nitrous acids, and chlorine are all given 
out, and cause bronchitis, pneumonia, and destrudtion of lung tissue, as well 
as eye diseases. t 

(hk) Carbon Bisulphide.—In certain processes in the manufacture of 
vulcanised india-rubber a noxious gas is given off, supposed to be the vapour of 
carbon bisulphide. It produces headache, giddiness, pains in the limhs, 
formication, sleeplessness, nervous depression, and complete loss of appetite. 
Sometimes there is deafness, dyspnoea, cough, febrile attacks, and sometimes 
even amaurosis and paraplegia (Delpech). The effects seem due to a direct 
anwethetic effect on the nervous tissue. 


Sus-SzoTion I]].—Errgct or Arr Impure FROM SEVERAL SUBSTANCES 
ALWAYS Co-[EXISTING. 


The examination of the effects of individual gases, however important, can 
never teach us the results which may be produced by breathing air rendered 
foul by a mixture of impurities. The composite effect may pussibly be very 
different from what would have been anticipated from a knowledge of the 
action of the isolated substances. 

(a) Air rendered Impure by Respiration (see page 102). The effect of the 
fwtid air containing organic matter, excess of water and carbonic acid, pro- 
duced by respiration, is very marked upon many people ; heaviness, headache, 
inertness, and in some cases nausea, are produced. From experiinents on 
animals in which the carbonic acid and watery vapour were removed, and 
organic matter alone left, Gavarret and Hammond have found that the organic 
matter is highly poisonous. Hammond found that a mouse died in forty- 
five minutes, and I have known cases in which the inhalation of such an 
atmosphere for three or four hours produced in men decided febrile symptoms 
(increased temperature, quickened pulse, furred tongue, loss of appetite, and 
thirst), for even twenty-four or forty-eight hours subsequently. 

When the air is rendered still more impure than this, it is rapidly fatal, as 
in the cases of the Black Hole at Calcutta; of the prison in which 
300 Austrian prisoners were put after the battle of Austerlitz (when 260 died 
very rapidly); and of the steamer Londonderry. The poisonous agencies are 
probably the organic matter and the deficient oxygen, as the symptoms are 
not those of pure asphyxia. If the persons survive, a febrile condition is left 
behind, which lasts three or four days, or there are other evidences of affected 
nutrition, such as boils, &c. 

When air more moderately vitiated by respiration is breathed for a longer 


——— 





* On the other hand, persons living in volcanic countries have sometimes a notion that the 
fumes of sutphurous acid are good for the health ; I have been told so by people in the neigh- 
bourhood of ts (F. de C.) * 

+ Jordan—Canstatt’s Jahresb. for 1863, band vii. p. 76. 
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period, and more continuously, its effects become complicated with those of 
other conditions. Usually a person who is compelled to breathe such 
an atmosphere is at the same time sedentary, and, perhaps, remains 1n & con- 
strained position for several hours, or possibly is also under-fed or intemperate. 
But allowing the fullest effect to all other agencies, there is no doubt that the 
breathing the vitiated atmosphere of respiration has a most injurious effect on 
the health.* Persons soon become pale, and partially lose their appetite, and 
after a time decline in muscular strength and spirits} The aération and 
nutrition of the blood seem to be interfered with, and the general tone of the 
system falls below par. Of special diseases it appears pretty clear that 
pulmonary affections are more common. 

Such persons do certainly appear to furnish a most undue percentage of 
phthisical cases ; that is, of destructive lung-tissue disease of some kind. The 
production of phthisis from impure air (aided most potently, as it often is, by 
coincident conditions of want of exercise, want of good food, and excessive 
work) is no new doctrine.{ Baudelocque long ago asserted that impure air is 
the great cause of scrofula (phthisis), and that hereditary predisposition, 
syphilis, uncleanness, want of clothing, bad food, cold and humid air, are by 
themselves non-effective. Carmichael, in his work on scrofula (1810), gives 
some most striking instances, where impure air, bad diet, and deficient exer- 
cise concurred together to produce a most formidable mortality from phthisis. 
In one instance, in the Dublin House of Industry, where scrofula was 
formerly so common as to be thought contagious, there were in one ward 60 
feet long and 18 feet broad (height not given), 38 beds, each containing four 
children ; the atmosphere was so bad that in the morning the air of the ward 
was unendurable. In some of the schools examined hy Carmichael, the diet 
was excellent, and the only causes for the excessive phthisis were the foul air 
and want of exercise. This was the case also in the house and school 
examined by Neil Arnott in 1832. Lepelletier (Traité Complet de la Maladie 
Scrophuleuse) also records some good evidence. (Professor Alison, of 
Edinburgh, and Sir James Clark, in his invaluable work, lay great stress on 
it. Neil Arnot, Toynbee, Guy, and others, brought forward some striking 
examples before the Health of Towns Commission (First Report, 1844, vol. 
iL pp. 52, 60, 69, 79, &c.). Dr Henry MacCormac has insisted with great 
cogency on this mode of origin of phthisis ; and Dr Greenhow, in his “ Report 
on the Health of the People of England,” also enumerates this cause as 
occupying & prominent place.§ 

In prisons, the great mortality which formerly occurred from phthisis, as 
for example at Millbank (Baly), seemed to be owing to bad air, conjoined 
with inferior diet and moral depression. 

Two Austrian prisons, in which the diet and mode of life were, it is 
believed, essentially the same, offer the following contrast :— 





* See, among a number of other instances, Guy's evidence before the Health of Towns Com- 
mission, vol. i. p. 89, e¢ seg., and 8. Smith, ibid. p. 37, e¢ seq. 

+ See Wilson's Observations on Prisoners, already cited, page 108. 

¢ The following statistics (Ransom, Sanitary Record, vol. vi.) are instructive: Death-rate 
from diseases of the respiratory organs for all England, 8°54 (1865-76), for Salford 5°12; for 
registration district of Manchester, 6°10; for township of Manchester in 1874, 7°7 ; for West- 
moreland (one of the healthiest counties) 2:27 ; for North Wales, 2°51. For diagrams showing 
the effects of aggregation of i dori on the ratio of respiratory diseases, see my Lectures 
on State Medicine, table v. p. 48 (F. de C.) 

§ The observations of the development of what are apparently tubercular lesions from the 
circulation in the blood of pus or septic matter derived from inoculation in guinea pigs, by 
Burdon-Sanderson and Wilson Fox, seem to give snpport to the conjecture, that in these cases 
ee from foul air, some corpuscular substances may be drawn into, and set up disease 
of, the lungs. . @ 
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In the prison of Leopoldstadt, at Vienna, which was very badly ventilated, 
there died in the years 1834-1847, 378 prisoners out of 4280, or 86 per 1000, 
and of these no less than 220, or 51:4 per 1000, died from phthisis; there 
were no less than 42 cases of acute miliary tuberculosis. 

In the well-ventilated House of Correction in the same city, there were in 
five years (1850~1854) 3037 prisoners, of whom 43 died, or 14 per 1000, and 
of these 24, or 7°9 per 1000, died of phthisis. The comparative length of 
sentences is not given, but no correction on this ground, if needed, could 
account for this discrepancy. The great prevalence of phthisis in some of the 
Indian jails appears to have been owing to the same cause, combined with 
insufficient diet. 

The now well-known fact of the great prevalence of phthisis in most of the 
European armies (French, Prussian, Russian, Belgian, and English) can 
scarcely be accounted for in any other way than by supposing the vitiated 
atmosphere of the barrack-room to be chiefly in fault. This is the conclusion 
to which the Sanitary Commissioners for the army came in ,their celebrated 
report. And if we must also attribute some influence to the pressure of 
ill-made accoutrements, and to the great prevalence of syphilis, still it can 
herdly be doubted that the chief cause of phthisis among soldiers has to be 
sought somewhere else, when we see that with very different duties, a variable 
amount of syphilis, and altered diet, a great amount of phthisis has prevailed 
in the most varied stations of the army, and in the most beautiful climates ; 
in Gibraltar, Malta, Ionia, Jamaica, Trinidad, Bermuda, &c. (see history of 
these stations), in all which places the only common condition was the vitiated 
atmosphere which our barrack system everywhere produced. And, as if to 
clench the argument, there has been of late years a most decided decline in 
phthisical cases in these stations, while the only circumstance which has 
notably changed in the time has been the condition of the air. So also the 
extraordinary amount of consumption which has prevailed among the men of 
the Royal and Merchant Navies, and which, in some men-of-war, has amounted 
to a veritable epidemic, is in all probability attributable to the faulty ventila- 
tion.* 

The deaths from phthisis in the Royal Navy averaged (3 years) 2°6 per 
1000 of strength, and the invaliding 3°9 per 1000. The amount of consump- 
tion and of all lung diseases was remarkably different in the different ships. 
These inferences have received the strongest corroboration from the outbreak 
of a lung disease leading to the destruction of lung tissue in several of the 
ships on the Mediterranean station in 1860. Dr Bryson traces this clearly to 
contamination of the air, and notices that in several cases the disease appeared 
to be propagated from person to person.t It may be inferred that pus cells 
were largely thrown off during coughing, and, floating through the air, were 
received into the lungs of other persons. 

The production of phthisis in animals confirms this view. The case of the 
monkeys in the zoological gardens, narrated by Dr Arnott, is a striking 
instance. Cows in close stables frequently die from phthisis, or at any rate 
from a destructive lung disease (not apparently pleuro-pneumonia) ; while 
horses, who in the worst stables have more free air, and get a greater amount 
of exercise, are little subject to phthisis. But not only phthisis may reason- 
ably be considered to have one of its modes of origin in the breathing an 
atmosphere contaminated by respiration, but other lung diseases, bronchitis 





* Statistical Reports on the Health of the Navy, and especially Gavin Milroy’s pamphlet on 
the Health of the Royal Navy, 1862, pp. 44 and 64. 
‘+ Trans. of the Epidem. Soc. vol. ii. p. 142. 
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and pneumonia, appear also to be more common in such circumstances. Both 
among seamen and civilians working in confined close rooms, who are other- 
wise so differently circumstanced, we find an excess of the acute lung affec- 
tions. The only circumstance which is common to the two classes is the 
impure atmosphere. (Compare especially Gavin Milroy and Greenhow.) 
The favourite belief that these diseases are caused by transitions of tempera- 
ture and exposure to weather, has been carried too far. 

In addition to a general impaired state of health, arising, probably, from 
faulty aération of the blood, and to phthisis and other lung affections which 
may reasonably be believed to have their origin in the constant breathing of 
air vitiated by the organic vapours and particles arising from the person, it 
has long been considered, and apparently quite correctly, that such an atmo- 
sphere causes a more rapid spread of several specific diseases, especially typhus 
exanthematicus, plague, small-pox, scarlet fever, and measles. This may arise 
in several ways; the specific poison may simply accumulate in the air so 
imperfectly changed, or it may grow in it (for though there may be an 
analogical argument against such a process, it has never been disproved, and 
is evidently not impossible) ; or the vitiated atmosphere may simply render 
the body less resisting or more predisposed. 

(b) Air rendered Impure by Exhalations from the Sick.—The air of a sick 
ward, containing as it does an immense quantity of organic matter, is well 
known to be most injurious. The severity of many diseases is increased, and 
convalescence is greatly prolonged. This appears to hold true of all diseases, 
but especially of the febrile. Ata certain point of impurity, erysipelas and 
hospital gangrene appear. The occurrence of either disease is, in fact, a con- 
demnation of the sanitary condition of the ward. It has been asserted that 
hospital gangrene is a precursor of exanthematic typhus,* but probably the 
introduction at a particular time of the specific poison of typhus was a mere 
coincidence. But, doubtless, the same foul state of the air which aids the 
spread of the one disease would aid also that of the other. 

When hospital gangrene has appeared, it is sometimes extremely difficult 
to get rid of it. Hammondf states that in a ward of the New York City 
Hospital, where hospital gangrene had appeared, removal of the furniture and 
patients did not prevent fresh patients being attacked. Closing the ward for 
some time and whitewashing had no effect. The plastering was then 
removed, and fresh plaster applied, but still cases recurred. At last the entire 
walls were taken down and rebuilt, and then no more cases occurred. 

It is now well known that by the freest ventilation, ¢.¢., by treating men in 
tents or in the open air, hospital gangrene can be entirely avoided.t The 
occurrence of hospital gangrene in a tent is a matter of the rarest occurrence. 

(c) Air rendered Impure by Combustion.—Of the products of combustion 
which pass into the general atmosphere (see page 105), the carbonic acid and 
carbonic oxide are so largely and speedily diluted that it is not likely they 
can have any influence on health. The particles of carbon and tarry matter, 
and the sulphurous acid, must be the active agents if any injury results. It 
has been supposed that molecular carbon and sulphurous acid, instead of being 
injurious, may even be useful as disinfectants, and we might a priori conclude 
that to a certain extent they must so act, but certainly there is no evidence 
that the smoky air of our cities, or of our colliery districts, is freer from the 





* See Guillemin, Recueil de Mémoires de Med. Ch. and Pharm. Militaires, No. 159. 1874. 

+ On Hygiene, p. 172. 

+ See Chapter on ad and Professor Jtingken's Address on Pysmia in the Sydenham 
Society Year-Book for 1862, p. 218, and Report on Hygiene, by the Author, in the Army 
Medical Report for 1862 (vol. iv.) 
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poisons of the specific diseases than the air of other places, It has been sup- 
posed, indeed, that the air of large cities is particularly antagonistic to 
malaria, but there are probably other causes acting here. The solid particles 
of carbon, and the sulphurous acid gas, may, on the other hand, have injurious 
effects. It is not right to ignore the mechanical effect of the fine powder of 
coal so constantly drawn into the lungs, and even the possibility of irritation 
of the lungs from sulphurous acid. Certain it is, that persons with bronchitis 
and emphysema often feel at once the entrance into the London atmosphere ; 
and individual experience will, I believe, lead to the opinion that such an 
atmosphere has some effect in originating attacks of bronchitis, and in delay- 
ing recovery. But statistical evidence of the effect of smoky town atmo- 
spheres in producing lung affections on a large scale cannot be given, so many 
are the other conditions which complicate the problem. 

The effect of breathing the products of combustion, of gas especially, is 
more easily determined. In proportion to the amount of contamination of 
the air, many persons at once suffer from headache, heaviness, and oppres- 
sion. 

Bronchitic affections are frequently produced, which are often attributed to 
the change from the hot room to the cold air, but are really probably owing 
to the influence of the impure air of the room on the lungs. 

The effects of constantly inhaling the products of gas combustion may bo 
seen in the case of workmen whose shops are dark, and who are compelled to 
burn gas during a large part of the day; the pallor, or even anwmia and 
general want of tone which such men show, is owing to the constant inhala- 
tion of an atmosphere so impure. 

(d) Air rendered Impure by the Gas and Effluvia from Sewers and House 
Drains.—Cases of asphyxia from sulphuretted hydrogen, sulphide of 
ammonium, carbonic acid, and nitrogen (or possibly rapid poisoning from 
organic vapours), occasionally occur both in sewers and from the opening of 
old cesspools. In a case at Clapham, the clearing out of a privy produced. in 
twenty-three children violent vomiting and purging, headache, and great 
prostration, and convulsive twitchings of the muscles. Two diced in twenty- 
four hours. (“Health of Towns Report,” vol i. p. 139.) 

These are instances of mephitic poisoning in an intense degree ; but when 
men have breathed the air of a newly opened drain in much smaller amounts, 
marked effects are sometimes produced ; languor and loss of appetite are 
followed by vomiting, diarrhoea, colic, and prostration. The effluvia which 
have produced these symptoms are usually those arising from a drain which 
has been blocked for some time. When the air of sewers penetrates into 
houses, and especially into the bed-rooms, it certainly causes a greatly 
impaired state of health, especially in children. They lose appetite, become 
pale and languid, and suffer from diarrhwa; older persons suffer from 
headaches, malaise, and feverishnesss; there is often some degree of anzmuia, 
and it is clear that the process of aération of the blood is not perfectly carried 
on.* 

In some cases I have known decided febrile attacks lasting three or four 
days, and attended with great headache and anorexia. Houses into which 
there has been a continued escape of sewer air have been so notoriously 
unhealthy that no persons would live in them, and this has not been only 
from the prevalence of fever, but from other diseases. Dr Marston (late R.A.), 
in his excellent paper on the Fever of Malta,+ tells us that when typhoid fever 

* Health of Towns Report. See especially the evidence of Rigby, vol. i. p. 151, and of 


Aldis, vol. i. p. ipo. 
+ Army Med. Report for 1861, p. 486. 
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broke out at the Fort of Lascaris, from the opening of a drain, other affections 
were simultaneously developed, viz, “diarrhoea, dysentery, slight pyrexial 
disorders, and diseases of the primary assimilative organs.” A close examina- 
tion and analysis of the affections produced by the inhalation of sewer air, 
would probably much enlarge this list; and the class of affections resulting 
from this cause, to which it may be difficult to assign a nosological name, will 
be found, I believe, to be essentially connected with derangement of the 
digestive rather than with the pulmonary system. 

Dr Herbert Barker* has attempted to submit this question to experiment 
by conducting the air of a cesspool into a box where animals were confined. 
The analysis of the air showed the presence of carbonic acid, sulphuretted 
hydrogen, and ammonium sulphide. The reaction of the gas was usually 
neutral, sometimes alkaline: The gas was sometimes offensive, so that organic 
vapours were probably present ; but no analysis appears to have been made 
on this point. Three dogs and a mouse were experimented on; the latter 
was let down over the cesspool, and died on the fifth day. The three dogs 
were confined in the box; they all suffered from vomiting, purging, and a 
febrile condition, which, Dr Barker says, “resembled the milder forms of 
continued fever common to the dirty and ill-ventilated homes of the lower 
classes of the community.” But the effects required some time, and much 
gas for their production. Dr Barker attributes the results, not to the organic 
matter, but to the mixture of the three gases, carbonic acid, sulphuretted 
hydrogen, and sulphide of ammonium, and specially to the latter two. 

The effect on the men who work in sewers which are not blocked, or 
temporarily impure from exceptional disengagement of sulphuretted hydrogen 
from any cause,t has been subject to much debate. The air in many sewers 
in London is not very impure; the analyses of Letheby and Miller have 
shown that generally the amount of carbonic acid is very little in excess of 
that in the external air, and that there is hardly a trace of sulphuretted 
hydrogen, or of foetid organic effluvia. The air in the house drains is often, 
in fact, more impure than that of the main sewers. This is the case also in 
other places, and is to be accounted for by the numerous openings in the 
sewers, from the porosity of the walls, from the continual ventilation produced 
by the air being drawn into houses, and from the amount of water in the 
sewers being often so great, and its flow so rapid, as to materially lessen the 
chances of generation of gas. The evidence is, on the whole, opposed to the 
view that sewer-men suffer in health in consequence of their occupation. 
Thackrah states} that sewer-men are not subject to any disease (apart from 
asphyxia), and are not short-lived. He citesno evidence. Parent-DuchA&telet§ 
came, on the whole, to the samo conclusion as regards the sewer-men of Paris 
in 1836. He says that there are some men so affected by the air of sewers 
that they can never work in them; but those who can remain suffer only 
from a little ophthalmia, lumbago, and perhaps sciatica. They consider 
otherwise their occupation not only innocent, but as favourable to health. 
The only fact adverse to this seemed to be that the air of the sewer greatly 





*On Malaria and Miasmata, 1863, p. 176, et ee 

+ Fatal cases have occurred both in London and Liverpool sewers from the rapid evolution 
of SH,, either from gas liquid, or, in Liverpool, from the action of acids passing into the 
sewers, and meeting with sulphide of calcium in the refuse derived from alkali manufactories 

+The Effects of Arts, Trades, and Professions on Health, 1882, p. 118. ; 

§ Hygitne Publique, vol. i. p. 247 (1836). The conclusion of Parent-Duch&telet are not 
entirely justified by his evidence. The number of men he examined was small, and many of 
them had been employed for a short time only in the sewers; it also appeared that a consider- 
able number had actually suffered from bilious and cerebral affections, (See the former 
editions of this work.) 
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aggravated the venereal disease, and those who persisted in working with 
disease on them inevitably perished. The working in deep, old sewage 
matter produced an eruption on the parts bathed by the mud, which resembled 
itch sometimes, or was phlyctenoid in character. 

An inquiry lately conducted into the health of the sewer-men in London 
did not detect any excess of disease among them,* and I was informed that in 
Liverpool also the sewer-men have good health. The workmen employed at 
the various sewage outfalls, and who, though not in the sewers, breathe the 
effluvia arising from the settling tanks, do not find it an unhealthy oc. 
cupation. 

It does not appear, therefore, that at present the workmen connected with 
fairly ventilated sewers show any excess of disease ; at the same time, it must 
be allowed that the inquiry has not been very rigorously prosecuted, and that 
the length of time the men work in sewers, their average yearly mortality, 
discharge from sickness, loss of time from sickness, and the effect produced 
on their expectation of life, have not been perfectly determined. 

The air of sewers passing into houses aggravates most decidedly the severity 
of all the exanthemata—erysipelas, hospital gangrene, and puerperal fever 
(Rigby); and it has probably an injurious effect on all diseases. That 
pheumonia may be produced is shown by the case of the Kast Sheen 
School. 

Two special diseases have been supposed to arise from the air of sewers and 
feecal emanations, viz., diarrhoea and typhoid (enteric) fever. 

With regard tothe production of diarrhcea from fecal emanations, it would 
seem that the autumnal diarrhea of this country is intimately connected with 
temperature,f and usually commences when the thermometer is persistently 
above 60°, and when there is, at the time, a scarcity of rain-fall. It is worst 
in the badly-sewered districts, and is least in well-drained districts, and in wet 
years. It has been checked in London by a heavy fall of rain. AII those 
points seem to connect it with fsecal emanations reaching a certain rapidity of 
evolution in consequence of high temperature, deficient rain, and perhaps 
relative dryness of the atmosphere. At the same time, there is a connection 
between this disease and impure water. It may own a double origin, and in 
a dry season both cases may be in operation, 

That enteric fever may arise from the effluvia from sewers is a doctrine very 
generally admitted in this country, and is supported by strong evidence. 
There are several cases on record in which this fever has constantly prevailed 
in houses exposed to sewage emanations, either from bad sewers or from want 
of them, and in which proper sewerage has completely removed the fever.t 
Many of these cases occurred before the water-carriage of typhoid was recog- 
nised, but yet the connection between the sewage emanation and the fever 
seem undoubted. 

This evidence is supported by cases in which the opening of a drain has 


*In reference to this point, however, a writer in the Lancet (April 1872) bal justly pointed 
out that the statistics are very imperfect, in taking no notice of men who have been discharged 
or who have died. 

‘+ Ransome and Vernon, Influence of Atmosph. Changes on Dis. p. 8. 

{In Health of Towns Reports and Evidence, Mr Simon’s a a Dr Letheby's Reports, 
Dr Acland’s Reports on Fevers in Agricultural Districts, and the Reports of the Medical 
Officer to the Privy Council, will be found abundant evidence in support of this assertion. 
cpl alba towns in England could give similar evidence, as Norwich. (See Dr 
Richardson's Report, Medical Times and Gazette, Jan. 1862). ‘The case of Calstock, in 
Devonshire, may be also noted. It used to be always liable to outbreak of phe fever, but 
after the drainage of the place the fever disappeared. (Bristowe in Trans. of Epid. Soc. vol, i. 
p. 896.) Murchison has not only adopted this view, but has proposed to give the term 
** pythogenic fever’ to typhoid, 
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given rise to-devided typhoid fever,* as well as to a very fatal disease (pro- 
bably severe typhoid), in which coma isa marked symptom. So also in some 
instanpes (Windsor and Worthing)t the spread of enteric fever lias evidently 
been owing to the conveyance of effluvia into houses by the agency 
ef unventilated sewers In 2 case mentioned -to me by a friend, an outbreak 
of enteric fever in a training-school was localised in certain parte of the school 
(whereas the drinking water was conimon to all), and was taaced to imperfec- 
tion of traps in those parts of the house which were affected. In this case 
the drains led down to a large tank at some distance, and at a much lower 
level, and the smell of the effluvia was so slight that at first it was not 
believed that the drains could be out of order. A very good case is given by 
Surgeon Page,{ of the 6th Dragoons, in his description of an outbreak of 
typhoid fever at Newbridge, following discontinuance of the use (on account 
of repairs) of a ventilating shaft for the sewers. Sewergas got into 
the barracks, and several cases (some fatal) of typhoid fever occurred. Other 
possible causes were carefully inquired into and eliminated.§ These two 
classes of fact seem decidedly to show a causal connection between the effluvia 
from sewers and excreta and enteric fever, and they are supported by the 
statistical evidence which proves that the prevalence of typhoid fever stands 
in a close relation to the imperfection with which sewage matters are removed. || 
The army statistics give excellent instances of this, and the evidence produced 
by Dr Buchanan of the prevalence of typhoid fever before and after sewerage 
of a town is to the same effect.11 
Tt seems difficult not to admit that the effluvia from the sewers will produce 
typhoid, and yet there are some remarkable facts which can be cited on the 
other side. 
It has been denied by Parent-Duch&telet and by Guy** that typhoid fever 
is more common among sewer-men than others, and late inquiries among the 


neta part 





eee et AGI EN Sr SS Nee tant DO EN Ga! 


* The cases of Croydon, Peckham, Westminster, Fleet Lane, Hammersmith, and Malta are 
here referred to. See Murchison on Fevers, p. 436, ef seg. The Hammersmith case is one men- 
tioned by Babington (British Medical Journal, May 3, 1862). The case at Malta is mentioned 
by Marston (Army Medical Report for 1861, p. 486). I have been informed of a similar case; 
and it was also affirmed that the evacuations of some patients with typhoid fever had been 
received two years before into the drain. Riecke (Der Kriegs und Frieden-Typhus, 1850, p. 
51) has collected many cases; so also Gietl (Die Ursachen des Ent. Typh. in Munich, 1863). 
In a case recorded by Dr Buzzard (Lancet, Nov. 1868), a rain water pipe communicating with 
the discharge pipe of a closet led the effluvia into the house; seven persons out of forty were 
attacked. Dr Orton of Newcastle-under-Lyne has recorded an outbreak in that city (Med. 
Times and Gazette, April 1872), arising from sewer gas ; no case of typhoid had occurred in 
the town for some time, and the water was above suspicion. Dr Fergus of Glasgow, who has 
paid great attention to the conditions of water-closet and sink pipes, and has ointed out how 
rapidly they decay and get out of order, has noted several cases. In a case at Preston, recorded 
in the Medical Times and Gazette, Feb. 10, 1872, the gas forced back in a drain by the rise of a 
river, into which the drain opened, caused typhoid fever in several persons. In Croydon, 
in 1866, Buchanan mentions that the sewer gases were forced noisily back the traps of water- 
closets in several houses, in which outbreaks of typhoid occurred a few days afterwards. 

+ Ninth senor of Medical Officer to Privy Council, p. 44. 

{ Army Med. Report. vol. xv. p. 301. 

§ An outbreak at Kinsale, apparently due to sewer effluvia, is narrated by Surgeon-Major 
we Army Med. Reports, vol. xvii. p. 55. The inquiry seems to have been very carefully 
made. 
|| The Medical Inspectors of the Privy Council are fully alive to the occasional propagation 
of typhoid fever by water, and yet the doctrine that the disease can he conveyed in the air is 
firmly held by them, and few men have more experience. (See Mr Netten Radcliffe’s Report on 
Fever at Bradford in 1872.) Greisinger also has no doubt, from a large experience, of the 
ore of typaoie fever in this vi 

Ninth Report of Medical Officer to the Privy Council, p. 44. In 21 English towns the 
average reduction of typhoid mortality after sewage was 45°4 pe cent. In many of the towns 
an improved water supply was introduced at the same time, but the purification of the air by 
sewerage and cleanliness has, it is believed by Buchanan, “ been most uniformly followed 
by a fall in the prevalence of typhoid.” ) 

*# Journal of the Statistical Society, 1848, 





t 


EFFECTS OF IMPURE AIR——SEWAGE EMANATIUNS. 129 


sewer-men.of London seem to bear out the assertion. But, as already stated, 
the air of London sewers is really tolerably pure ; and some of the men may be 
protected by previous attacks, for typhoid fever is a most common disease 
among the poorer children in London. Murchison * and Peacock also state, 
on the other side, that enteric fever ig not uncommon among sewermen, 
This argument, therefore, ia not of great weight. «_ _ 7% 

The evidence is very. strong that themen employed at the sewage tanks and 
on the sewage farms, and their families, do not show an unusual amount of 
typhoid; nor do the persons living in adjacent houses. Now, if sewage 
emanations can cause typhoid fever, it might be expected that we should by 
this time have had plenty of evidence of this special effect. Again, in our 
rural villages, and in many farm houses, the excreta of men and animals liter- 
ally cover the ground, and it might have been antfcipated that enteric fever 
would never be absent. If this is the case in this country, it is still more so 
in China, where the excreta are so carefully stored and applied to land. In 
the late reports made by various medical officers in the Customs Gazette of 
China for 1871, the writers state that, in Chinese villages surrounded with 
excreta, and where the contamination of the air by fecal emanations is very 
great, there is no typhoid fever. And as typhoid is well known in other parts 
of China, the absence is not owing to any peculiarity of climate preventing 
the appearance of the fever. + 

We have, then, counterfacts which must be allowed to be of considerable 
weight. Any explanation, to be satisfactory, must not ignore one set of facts, 
but must impartially include both. 

The possibility that the adult persons submitted to sewage emanations may 
have had typhoid fever in early life, and are therefore insusceptible, may ex- 
plain some cases of escape, even when fecal emanations are constantly breathed. 
But it would be impossible to extend this argument to the cases of immunity 
in children, unless we suppose that typhoid fever in children is constantly over- 
looked, and is as common as measles, which seems very unlikely. 

It has been supposed that there is an essential difference when animal and 
vegetable substances are decomposing in covered places and in the open air. { 
It is evident that the physical conditions will be widely different in the two 
cases. In underground channels there is greater mean temperature, more 
moisture, and a more stagnant atmosphere. In the open air, while there may 
be heat from the sun’s rays, this may restrain putrefaction ; while the coldness 
of the nights, and the much greater movement and dryness of the air, may 
hinder the formation or lessen the chance of reception of any fever-causing 
substance developed during the putrefaction. At first sight, there appears to 
be much in favour of this view, and it would explain the greater chance there 
appears to be of effluvia coming from sewers causing typhoid fever than when 
the effluvia came from excretain the open air. But it does not meet two un- 
doubted facts, viz., that there are cases in which sewer air is breathed without 
causing typhoid, and the occasional severe outbreaks of typhoid in villages 
without sewers, and where there is no putrefaction under cover. 

That.the importation of typhoid fever into places previously free for years 
is followed by outbreaks§ is quite certain. In many of these cases, as in the 


* On Fevers, p. 453. 
J t ane rae by Drs Miller and Manson, for Shanghai and Aimoy, in the Customs Gazette, 
uly—Sept. ° 
t This is the view taken in the Second Report of the State Board of Health of Massachusetts. 
From an inquiry in most of the large cities of that state, the conclusion is drawn that it is 
putrefaction of animal and vegetable substances, wnder cover, which gives typhoid. 
; cases recorded fifty years ago by Bretonneau have been cunfirmed by many observations 
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excellent instance at Steyning, recorded by Whiiley,* all the conditions of 
accumulated sewage, &c., which are supposed to produce typhoid fever, were 
present for years, and yet no fever resulted. Then a patient came from a 
distance with typhoid fever, and the disease spread through the village, either 
through the medium of the water (as is perhaps most common), or through 
the air. These instances are so numerous that the entrance of a fresh agent 
must be admitted, and if so, the series of events becomes quite intelligible. 

The doctrine that a specific cause is necessary for the production of typhoid 
fever ; that this cause is present in the intestinal discharges,{ and that sewers 
and fecal effluvia, and feecal impregnation of water, are thereby the channels 
by which this specific cause reaches the body of a susceptible person (i.¢., of 
a person who has not previously had the disease), will be found to explain 
almost all the events which have been recorded in connection with the origin 
of typhoid fever. 

There are, however, still some difficulties. There are instances in which 
typhoid fever arises from sewer air without any possibility of tracing the 
entrance of a person with the disease.{ Sometimes, as in the case of 
an isolated house in the country, it scems most difficult to believe that any 
such entrance could have taken place. It must, however, be rememberal 
that the carriage of the “contagion” takes place in so many ways, that it 
is impossible always to trace it. In the case of typhoid fever, the stvols are 
not only infectious during the height of the disease, but probably during the 
early period of recovery ;§ and the disease itself is also often so slight that 
persons move about, and believe they have only an attack of diarrhoa. 
Again, the frequent journeying from place to place exposes all persons to a 
greater chance of inhaling the typhoid effluvia, and the real source of the 
disease may be far removed from the place which is actually suspected. 

There are, again, cases in which typhoid fever occurs in persons who have 
not been exposed apparently to sewer air, or fecal emanations, or to the charge 
of any typhoid contagion. Dr Gordon Hardie has recorded two cases of this 
kind of soldiers attacked during imprisonment. Such cases can only be ex- 
plained either by supposing an incubative period of extraordinary length, or 
ro origin apart altogether either from fecal emanations or a prior case of the 

ease. 

Admitting, however, that there are still difficulties to be explained 
by future observation, it seems clear that the theory of a specific cause repro- 
ducing itself in the intestines and contained in the discharges, and naturally, 
therefore, connected more or less closely with excreta and sewers, and some- 
times with drinking-water, is that which best meets the facts which have been 
most faithfully reported in outbreaks of typhoid fever. The evidenco of the 
carriage of a cause of this kind in water strongly supports this view. 

(e) Emanations from Fecal Matter thrown on the Ground.—-Owing, doubt- 
less, to the rapid movement of the air, there is no doubt that the excreta of 


* From the Report of the Medical Officer to the Privy Council, p. 48. 

+ That the effluvia from the typhoid stools will produce typhoid fever seems to be certain, 
and a good case is given by Riecke. The evacuations of a typhoid patient were placed in an 
aardasad beet ad pon of Mele pean ee mute _ ee who had no intercourse 
Ww ver Wi e patient, and never entered the house, but who slept in the 
attacked, and at thee same time. ; aia Dib 

+ Ranke admits the possibility of spontaneous orgin of typhoid, but thinks it spreads more 
frequently through air than any other way. 

§ In a case (under the care of Dr Langstaft of gots er the patient died after 17 weeks’ 
illness; his brother was attacked with typhoid fever about a week before the death of the 
other, and no other source of the disease, except visiting his brother, could be traced. Accord. 
ingly, allowing the longest known period of incubation (21 days), the digsase must have been 
communicated in the 13th week of illness. The case, although not decisive, is curious, - =~ 
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men and animals‘ thrown on the ground and exposed to the open ait are leas 
hurtful than sewer air, and probably in proportion to the dilution. 

When there are accumulations in close courts, small back-yards, &c., the 
same effects are produced as by sewer air, and many instances are recorded in 
the “ Health of Towns Reports.” When fecal matters are used for manure, 
and are therefore speedily mixed with earth, they seldom produce bad effects, 
Owing, doubtless, to the great deodorising and absorbing powers of earth, 
effluvia soon cease to be given off. An instance is, however, on record in 
which two cases of typhoid were supposed to arise from the manuring of an 
adjacent field. Dr Clouston has also shown by evidence, which seems very 
strong, that dysentery was produced in an asylum by the exhalations from 
sewage, which was spread over the ground (a stiffybrick clay subsoil) about 
300 yards from the asylum. The case seems a very convincing one, as the 
possibility of the action of other causes (impure water, bad food, &c.,) was 
excluded. This is a point on which more evidence is desirable. It is stated 
in some works that disease is frequently produced by the manuring of the 
ground, but I have been able to find no satisfactory evidence. It has beon 
said that if the sewage matter can be applied while perfectly fresh 
to the ground, no harm results; but if decomposition has fully set in, it is 
not so completely deodorised by the ground. (See chapter on Sewage.) In 
China, where fecal matter is so constantly applied in agriculture, the air is 
often filled with very pungent effluvia, yet no bad effect is produced. (See 
Dr.A. Jamieson’s “ Report on the Health of Shanghai for the half-year end- 
ing September 1870,” China Customs Gazette for 1870; Shanghai, 1871.) 

(f) Emanations from Streams polluted by Fecal Matter.—The evidenco 
on this point is contradictory. Parent-Duchitelet, in 1822,* investigated the 
effect produced on the health of the inhabitants of the Faubourg St Marceau, 
in Paris, by the almost insupportable efiluvia arising from the Riviére de 
Biévre, which received a large portion of the sewage of the quarter. 
He asserts that the health was not at all damaged, though he admits that there 
is truth in the old tradition at the Hétel Dieu, that the cases from St Marceau 
were more severe than from any other place. 

Dr M‘William found that the emanations from the Thames in 1859-60 
had no deleterious effect on the health of the Custom-House men employed 
on the river. The amount of diarrhoea was even below the average. 

Mr Rawlinson states (“Report of Committee on Sewage,” 1864, p. 174, 
Question 3997) that a careful house to house visitation had been made in 
some of the worst districts of Lancashire (in Manchester, on the banks of the 
Medlock, for instance) without finding any great excess of disease. 

On the other hand, in the reports of Sir H. De la Beche and Dr Lyon 
Playfair,t is some strong evidence that the general health of the people 
suffered from the emanations of the putrid streams of the Frome, and the 
tributaries of the Irk and Medlock; that they were pale, in many cases 
dyspeptic; that fevers (typhoid) prevailed on the banks is asserted by some 
observers, but rather doubted by others; but none seem to have any doubt 
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* Hygidne Publique, p. 98. 

+ Second Report of the Health of Towns Commission, Pr. 261 and 847. Lyon Playfair says, 
“‘The medical men in Manchester whom I have consulted are unanimously of opinion that the 
emanations from the putrid streams which wind their way sluggishly through the town are 4 
cause of disease and mortality.” On the other hand, Whitehead (Rate of Mortality in Man- 
chester, 8d edit. 1864, p. 50) denies that typhus (typhoid ?) is more prevalent near the banks of 
these streams, and also denies (p. 52) that health is injuriously affected. Mr Rawlinson also 
(Report of Sewage Committee, 1864, p. 174, Question 3997) states that no great excess of disease 
from exhalations was found to exist on the banks of the Medlock. So also the state of the 
Clyde, which is at the present very bad, produces no effect whatever on health. (See Glasgow 
Medical Journal for Nov. 1868; also the Sewage Question, by Dr Fergus, 1874, p. 25.) 
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that the fevers, when they occurred, were much worse. Cholera in Manchester 
was severe along the banks of some of these streams, but that might have been 
from the water being drunk. In 1858 also, Dr Ord* observed that a large 
number of the men employed on the Thames were affected by the effluvia ; 
the symptoms being languor and depression, followed by nausea and headache, 
aching of the eyeballs and redness and swelling of the throat. Diarrhoea was 
rare. In 1859 these symptoms were not observed, though the state of the 
river was worse. Were they then really caused by the effluvia in 1858? 

It is very likely that the discrepancy of evidence may arise from the 
amount of water which dilutes the fecal matter being much greater in some 
cases than others. In the case of the Thames, the dilution was after all very 
great, and this was the cags, in part at any rate, in the Biévre, as the stream 
‘was in some places 6 and 7 feet deep. The evaporation from such a body of 
water, however offensive it may be, must be a very different thing from the 
effluvia coming off from the masses of organic matter laid bare by the almost 
complete drying up of streams into which quantites of fecal matter are poured. 
When sewage matter is poured into the sea, and washed back by the tide, it 
may become a source of danger. An epidemic of enteric fever occurred in 
this way among the recruits of the Royal Marine Artillery, who were employed 
to build a sea-wall at Fort Cumberland, to protect Langston Harbour (near 
Portsmouth). An outbreak took place, which could not be accounted for by 
anything in the quarters, food, or water supply. The sewage of Portsmouth 
Is pumped into the sea near that spot, but the pumping ought to take place 
at ebb-tide only ; it was found that this rule had been neglected, and that pump- 
ing had taken place during the flow, so that the sewage was carried back and 
deposited on the mud where the work was taking place. Out of 130 recruits, 
4 died, 16 had distinct attacks of enteric fever, and 40 had milder attacks of 
indisposition. Cases also occurred at Hilsea Barracks, further up the 
harbour. 

(9) Effect of Manure Manufactories.—The manure manufactories at present 
existing in this country do not appear to produce any bad effects. They are 
generally at some little distance from towns, and the effluvia are soon diluted. 
The Secretary of the Hyde Manure Company informed me that while the 
works were in operation no bad effects were produced. But if situated in 
towns they are nuisances, and may be hurtful. In 1847 evidence was given 
to show that a manure manufactory situated in Spitalfields, and about 
100 feet from the workhouse, caused bad diarrhoea whenever the wind blew 
in that direction, and 12 cases of “spontaneous gangrene” (!) which had 
appeared among children were attributed to it. The cases of disease in the 
workhouse infirmary also acquired, it was said, a malignant and intractable 
character.t In France the workmen engaged in the making of “ poudrette” 
do not in any way suffer, except from slight ophthalmia.t Parent-DuchAtelet§ 
(on very slight evidence indeed) thought the emanations were even beneficial 
in some diseases, and Tardieu seems inclined to support this opinion. The 
Secretary of the Hyde Manure Company informed me that some of the men 
appeared actually better in health. When the poudrette is decomposing, and 
large quantities are brought into small spaces, as on board ship, serious con- 





* Trans. Socia) Science Association, 1859, p. 571. 

+ Mectical Gazette, December 1847. 

t Parent-Duchatelet; Patissier. See also Tardieu, Dict. d’Hygitne, t. iv. p. 458. Tardieu, 
in 1862, writes—‘‘ We do not hesitate to affirm that the exhalations from these manufactories 
(voiries) exercise no injurious action either on man or vegetation.” But it must be remembered 
that these places are excellently conducted ; ventilation is good, and the fecal matter is soon 
subjected to processes which Di its decomposition, ° 

§ Hyg. Publique, t. ii. p. 276, 
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gequences may certainly result. Parent-Duchitelet records two cases of out- 
breaks on board ships carrying poudrette which fermented on the voyage ; 
one vessel, the “Arthur,” lost half her crew (number not known), and the 
rest were in a state of deplorable health; the men who unloaded the cargo 
were also affected. ‘The symptoms are not recorded, but, in a smaller vessel, 
where all on board (5) were similarly affected, the disease put on the appear- 
ance of “an adynamic fever.” There was intense pain of the head and of all 
the limbs, vomiting, great prostration, and in two cases great diarrhcea. 
These symptoms are very similar to those already mentioned as produced in 
the children at Clapham by the opening of a privy. 

(h) The Atr of Graveyards.—There is some evidence that the disturbance 
of even ancient places of sepulture may give rise to disease. Vicq d’Azyr 
refers to an epidomic in Auvergne caused by the opening of an old cemetery ; 
the removal of the old burial-place of a convent in Paris produced illness in 
the inhabitants of the adjoining houses.* In India, the cantonment at 
Sukkur was placed on an ancient Mussulman burial-ground, and the station 
was most unhealthy, especially from fevers. 

The effect of effluvia from comparatively recent putrefying human bodies 
has been observed by many writers. Jtammazzini{ states that sextons enter- 
ing places where there are putrefying corpses are subject to malignant fevers, 
asphyxia, and suffocating catarrhbs; Fourcroy remarks that there are a 
thousand instances of the pernicious effects of cadaveric exhalations; and 
Tardieu § has collected a very considerable number of cases, not only of 
asphyxia, but of several febrile affections produced by exhumations and dis- 
turbance of bodies. Mr Chadwick,|| and the General Board of Health," have 
also summed up the recent evidence, which shows that in churchyards thickly 
crowded with dead, vapours are given off which, if not productive of any 
specific disease yet increase the amount both of sickness and mortality. In 
some instances, this may be from contamination of the drinking water; but 
in other cases, as in the houses bordering the old city graveyard, where the 
water was supplied by public companies, the air also must have been in fault. 
In the houses which closely bordered the old city yards, which were crowded 
with bodies, cholera was very fatal in 1849,** and I was informed by some 
practitioners that no cases recovered. J was also informed that all other dis- 
eases in these localities assumed a very violent and unfavourable type. Hirt 
says, on the other hand, that when gravediggers are protected from the acute 
effects of carbonic acid their calling is not unhealthy. 

(‘) Hfluvia from Decomposing Animals.—On. this point there is some dis- 
crepancy of evidence. 

In 1810, Deyeux, Parmentier, and Pariset, gave evidence to show that 
the workmen in knackeries are in no way injured. Parent-Duchftelet, from 
his examination of the health of the men employed at the knackery and 
slaughter-house at Montfaucon, came also to the conclusion that their health 
was not affected. It should be mentioned that this knackery is remarkably 
well placed for ventilation, and is excellently conducted ; putrid remains, in 
the proper sense of the word, do not now exist in any knackery in or near 
Paris; the workmen are well paid and well fed, and are therefore prepared to 
bear the effect of any injurious effluvia. It has been stated, however, that in 





+ * Tardieu Dict., d’Hygiane, i. p. 517. 
‘+ Norman Chevers, Kuropean Soldiers in India, p. 404. 
t Maladies des Artizans, p. 71. 
§ Dict. d’Hygiéne, 1862, t. iii. p. 468, et seq. 
|| Report on Interments in-Towns. {| Report on Extramural Sepulture, 1850. 
** §. Smith, and#utherland’s Reports on Extramural Interment, p.12. See also Sutherland’s 
Report on Cholera, 1850, p. 27. oa " 
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the HAtel Dieu, dherpationts used te quffer when the wind, loaded with effinvia, 
blew-dtem Mentiacon (Henry Bennet). Tardieu, from a late re-examinaiion 
ofthe question, confirms Parent's conclusions,* except as regards glanders and 
malignant pustule, touching which Parent-Ducbitelet’s evidence was as usual 
negative, ‘Tardiou (t. iv. p. 468), however, states that many examples occur 
in the French knackeries of the transmission of these diseases, though glandera 
and farcy are less frequently caught in knackeries than in stables. No 
analysis has yet been made of the air of knackeries. 

Parent-Duchatelett is often also quoted, as having proved that the exposure 
of the remains of 4000 horses killed in the battle of Paris in 1814, produced 
no had effects. These horses were killed on the 30th March, and were burnt 
on the 10th and 12th of April. They gave out “une odeur infecte,” which 
produced no bad results on those who collected the bodies. Parent-Duchitelet 
inquired particularly whether typhus was produced by the effluvium, and 
proved that it was not; a conclusion conformable to our present doctrine. 
He did not, however, do more than examine the registers of deaths for the 
three years before, during, and after the battle, and found no evidence of 
increased mortality. The utmost this observation shows is, that no typhus 
was produced ; and that the amount of decomposition, caused by eleven days 
of hot weather, did not affect those concerned in collecting and burning the 
bodies. 

On the other hand, the experience of many campaigns, where soldiers have 
been exposed to the products of an advanced putrefaction of horses, shows 
that there is a decided influence on health. Pringle especially noticed this ; 
and in many subsequent campaigns this condition has been one of the causes 
of insalubrity. Diarrhoea and dysentery are the principal diseases; but all 
affections are increased in severity. At the siege of Sebastopol, where, in the 
French camp, a great number of bodies of horses lay putrefying on the ground, 
Reynal{ describes the effect as disastrous, and even conjectures that the spread 
of typhus was connected with this condition, though this is unlikely. 

(k) Air of Brickfields and Cement Works.—The peculiar smell of brick- 
fields cannot be owing to carbonic acid, carbonic oxide, or to hydrosulphuric 
acid, or sulphurous acid (the gases evolved from the kilns); but its exact 
cause, I believe, is not known. The air, at its exit from the chimney of 
furnaces and kilns, is rapidly fatal; but so rapid is its ascension, dilution, and 
diffusion, that at a little distance it is respirable. In almost all the actions 
against the owners of brickfields nothing more than a nuisance has been estab- 
lished. The smoke and gases from cement works, however, destroy neighbour- 
ing vegetation. The smell can be perceived for several hundred yards.§ In 
the north of France it is ordered that no kilns shall be within 50 metres (543 
yards) of a public road; and the kilns are lighted only at night. 

(!) Air of Tallow-makers, Boneburners, éc.—In many trades of this kind 
Jarge quantities of very disagreeable animal vapours are produced, which 
spread for a long distance, and are most disagreeable. Although a nuisance, 
it is difficult to bring forward positive evidence of insalubrity. But the 
odour is so bad that in France rules are in force to oblige the vapours.to be 
condensed or consumed,|| and if in the process any water is contaminated 
with fatty acids, it is neutralised with lime. M. Foucon has figured an 
apparatus which completely burns the animal vapours.{| 





* Dict. d’H idne t. iv. le 468. Dict. a’H ian t. i ° 47. 
Tardieu, Nt. d'Hygiine, t. ii, p. 221. : ——e F 
At Southampton the smell is perceptible at more than a mile. 
D paren Hygiéne Industrielle, t. ii. P- 60. 
Pappenheim’s Beit. der Sanitat. Pol, Heft. ii " ; 
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{mn Adee of: Marshes,--It seems scarcely necessary t allude. to this point, 


except to.notice thet, in addition to. paroxyamal fevers, it has been supposed 
that serous diarrhcea (a sort of dysenteria incruenta) and true bloody ines 
are produced by malaria. Also that there is perhaps some connection with 
malaria and liver abaceas (1). The breathing of marsh air also may produce 
an imperfect condition of nutrition, in which enlarged spleen plays a pro- 
minent and the mean duration of life is shortened. 

(n) Unknown Conditions of the Atmosphere.—Occasionally, outbreaks of 
disease occur from impurities of the atmosphere, the nature of which is not 
known, though the causes giving rise to them may be obvious. Dr Majer* 
records a case of a school at Ulma, of sixty or seventy boys, where the greater 
number were suddenly affected, on a warm day in May, with similar symp- 
toms—giddiness, headache, nausea, shivering, treftbling of the limbs, some- 
times fainting. The attack occurred again the next day, and a common cause 
was certain, The room was enclosed by walls, in a narrow space, where the 
snow had lain all the winter; the wall was covered with fungous vegetation, 
and with salts from the mortar. From the sudden entrance of warm weather, 
fermentation had set in, and a strong marshy smell was produced ; the sub- 
stances of whatever kind generated in this way accumulated in the narrow, 
ill-ventilated space. Removal to a healthier locality at once cured the disease. 


SECTION III. 
PURIFICATION OF THE AIR BY CHEMICAL METHODS, 


The great purifying actions of Nature aro diffusion, dilution, transference 
by winds, oxidation, and the fall of rain. In houses the power of ventilation 
is the only safe method, but some effect can be produced by chemical agencies 
in aid of ventilation. 

The foreign matters in the air, which can bo removed by chemical means, 
are carbonic acid, sulphuretted hydrogen, ammonia (usually in the form of 
ammonium sulphide), and various organic substances, arising in an infinity of 
ways, some being odorous, others not, and of the physical and chemical nature 
of which little or nothing is known. Air purifiers are also used to check the 
growth of fungoid or infusorial organisms. They are used in the form of 
solids or of liquids, which may absorb the substances from the air, or of gases 
which may pass into the air, and there act on the gases or molecular impuri- 
ties. 

(a) Solid Air Purifiers.—Dried earth, quicklime, charcoal, and calcium and 
magnesium carbolates (phenates), a mixture of lime and coal-tar, are the most 
important. 

Of these charcoal is the most effectual. It presents an immense surface, 
and has a very extraordinary power of separating and absorbing gases and 
vapours from the atmosphere (Sennebier, quoted by Chevallier, ‘“ Traité des 
Désinfect.” p. 146, and A. Smith), and oxidises rapidly almost every substance 
capable of it. Its action is not indiscriminate, but elective (A. Smith) ; when 
charcoal which has absorbed oxygen is warmed, it gives off carbonic acid (A. 
Smith), a proof of its great oxidising power. Exposed to the air in bays or 
shallow pans, its action is rapid and persistent ; its effect is especially marked 
With sewage gases, and with the organic emanations in disease. It also absorbs 
sulphuretted hydrogen. Its power of purifying air from organic emanations 18 
really great, and can be employed in hospital wards with advantage. 





* Canstatt’s Jahresb. 1862, vol. ii. p. 32. 
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Of the different kinds of charcoal, the animal charcoal has the highest reputa- 
tion, and then peat. But the carbon left in the distillation of Boghead coal 
has been stated to be even better than animal charcoal. If vegetable charcoal 
be used, it should be rather finely powdered. The disinfecting qualities of 
charcoal on air scarcely lessen with time if the charcoal be kept dry. Charcoal 
filters to be placed before the mouth have been recommended. by Stenhouse, 
and might be useful in cases of very impure air. Dried marly earth is much 
inferior to charcoal, but still can be employed in the absence of the latter. 

Quicklime absorbs carbonic acid, and perhaps compounds of sulphur, and 
has been employed for that purpose. 

Lime and magnesium carbolates have been also used ; their exact effect on 
the air passing over them, is not, I believe, known ; but as they give off car- 
bolic acid, their action may be chiefly in that way. 

(6) Liquid Air Purifiers. Solutions of potassium permanganate (Condy’s red 
fluid), zinc chloride, and Jead nitrate are sometimes used, being either exposed 
in flat dishes, or cloths are dipped in the solution and exposed to the air. They 
act only on the air which comes in contact with them, but in that way absorb 
a good deal of impurity. Condy’s fluid, when well exposed to the air, seems 
to have a good purifying effect, and to lessen the close smell of ill-ventilated 
rooms, and it absorbs sulphuretted hydrogen, and so will also solution of nitrate 
of lead. 

Lime and soda chlorides, nitrous acid, solution of sulphurous acid, py- 
roligneous acid, act on the air chiefly or entirely by the gases which pass off 
from them, and their effects are considered under that head. 

(c) Gaseous Air Purifiers.—The evolution of gases into the air is the most 
powerful means of purifying it independent of ventilation. The principal 
gases are ozone, chlorine, iodine, bromine, nitrous, sulphurous, and hydrochloric 
acid, carbolic acid, tar fumes, acetic acid, ammonia. 

Ozone.—It has been proposed to disengage ozone constantly into the air of 
a room, by heating a platinum wire by a Bunsen cell; by half immersing a 
atick of phosphorus in tepid water in a wide-mouthed bottle; or by mixing 
very gradually 3 parts of strong sulphuric acid and 2 parts of permanganate 
of potassium. This last method is that used by Dr Fox.* The amount of 
ozone can be measured by the common ozone paper, and the stopper put in if 
the tint is too decp. It is presumed it will then act as a powerful oxidis- 
ing agency, and destroy organic matter, as it certainly removes the putrid 
effluvia of decomposing blood (Wood and Richardson). It has been much 
used by Dr Moffat in cholera and cattle plague. 

Chlorine. —Given off from chloride of lime, moistened with water, or with 
dilute sulphuric acid, and placed in shallow vessels, or from chloride of soda, 
or evolved at once. Four parts by weight of strong hydrochloric acid are 
poured on one part of powdered binoxide of manganese, or four parts of 
common salt and one part of binoxide of manganese are mixed with two parts 
by weight of sulphuric acid and two of water, and heated gently. According 
to the size of the room, the actual weight of the substances taken must vary. 
Or two table-spoonfuls of cominon salt, two tea-spoonfuls of red lead, half 
wine-glassful of sulphuric acid, and a quart of water are taken. Mix the lead 
and salt with the water, stir well, and add the sulphuric acid gradually. 
Chlorine is evolved, and is absorbed by the water, from which it is slowly 
driven out. It may be kept in a jar or stoppered bottle, left open as occasion 
may requiref. 





* Ozone and Antozone, a 25. e 
+ Medlock’s Record of: Pharmacy and Therapeutics, 1858, p. 20. 
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Chlorine decomposes sulphuretted hydrogen. and ammonium sulphide at 
once, and more certainly than any other gas. It doubtless destroys organic 
matter in the air, as it bleaches organic pigments, and destroys odours, either 
by abstracting hydrogen, or by indirectly oxidising. Euchlorine, a mixture 
of chlorous acid and free chlorine, obtained by gently heating (by placing 
the saucer in warm water), a mixture of strong hydrochloric acid and potassium 
chlorate, has been also used instead of pure chlorine. It has been strongly 
recommended by Professor Stone of Manchester, who has devised a special 
apparatus for its disengagement. He also uses it by placing fuming hydro- 
chloric acid in a wine-glass, and adding a few grains of chlorate from time to 
time. In that way there is no danger of explosion, as sometimes is the caso 
if a large quantity of chlorate is warmed with hydrochloric acid. The odour 
of euchlorine is more pleasant than that of chlorine; it acts as rapidly on 
iodide of potassium and starch paper, and appears to have a similar action on 
organic substances ; whether itis superior or inferior to pure chlorine, I do not 
know, but the ease of development and its pleasanter smell are in its favour. 

Lodine can be easily diffused through the atmosphere by placing a small 
quantity on a hot plate. Dr Richardson proposes to saturate a solution of 
peroxide of hydrogen with iodine, and to add 24 per cent. of sea-salt ; by 
‘‘atomising ” or “ pulverising” the fluid by the little instrument used for this 
purpose, the air can be charged with iodine and sea-salt spray very readily. 
Iodine will decompose SH,, and destroys, therefore, much odour. Its action 
was investigated by Duroy in 1854,* who showed that it is a powerful 
arrester of putrefaction. As it condenses easily, and does not difiuse every- 
where like chlorine, it might be expected to be less useful than chlorine. 

Bromine.—In the American civil war bromine was rather largely used as 
an aerial disinfectant; a solution of bromine in bromide of potassium is 
placed in saucers and exposed to the air; the vapour is, however, very irrita- 
ting, and should not be disengaged in too large an amount. 

Nitrous Acid can be evolved by putting a bit of copper in nitric acid and 
a little water. The nitrogen dioxide which is given off takes oxygen from 
the air, and red fumes, consisting chiefly of nitrogen tetroxide or nitrous acid 
(N,O,), are formed. 

The oxidising action of nitrous acid is very great on organic matter. It 
removes the smell of the dead-house sooner than any other gas. It is rather 
irritating to the lungs, and, in some persons, large quantities of it cause 
vertigo, nausea, and even vomiting. If possible, when it is used, the rooms 
should be cleared ; if not, it should be disengaged slowly, which can always 
be done by diluting the nitric acid. 

The action of nitrous acid results from the ease with which it parts with 
oxygen to any oxidisable substance, being converted into nitrogen dioxide, 
which again at once combines with atmospheric oxygen, and so on. 

Sulphurous Acid.—Most easily evolved by burning sulphur. It decom- 
poses sulphuretted hydrogen (SO, + 2SH, = 38 + 20H,), and also combines 
with ammonia. It has also been supposed to act powerfully upon organic 
matter (Graham), and probably does so if ammonia is not present. (ruyton- 
de-Morveau who studied the action of this acid, was of opinion that it com- 
pletely disinfects miasms, and gives some evidence on this point. It must be 
used in large quantity. 

Hydrochloric Acid.—The fumes of this acid were used by Guyton-de- 
Morveau, and at one time they were much employed, but the action of 

chlorine is so much more powerful that they are now seldom used. 


* Chevallier, Traité des Désinfect. p. 19. 
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Carbolic Acid.—This substance is given off when solid earbolic acid is 
placed in a saucer, or when the liquid acid and water are sprinkled about, or 
still better, when one part of the acid and two of ether are allowed to eva- 
porate. It is difficult to measure its action, as it decomposes solution of 
potassium permanganate, which cannot therefore be used as a measure of tho 
organic impurity of air when carbolic acid vapours are present. — 

Dr Sansom* has shown that when the acid evaporates, 1 grain of carbolic 
acid is taken up, at different temperatures, by the following amounts of air, 
viz., by 320°75 cubic inches at 50° Fahr., by 159-44 cubic inches at 60 
Fahr., and by 93°75 cubic inches at 70° Fahr. Vaporizers for carbolic acid 
fumes have been made, by means of which carholic acid falls, drop by drop, 
on a hot metal plate Dr Langstatit has invented a trough, containing 
flannel wetted with water‘and carbolic avid (1 part of acid and 20 of water), 
which is placed in the inlet ventilating tubes ; he finds that at a temperature of 
57°, four ounces of water are taken up in 24 hours, and this will keep the air 
of a room, 22 feet x 10 and 11 feet high, thoroughly impregnated with the 
odour. Carbolic acid conceals all odours, though it will not destroy sulphu- 
retted hydrogen if it exists; it lessens the rapidity of putrefaction of animal 
substances suspended in # room, and they also dry faster, according to Lang- 
staff It also rapidly arreste the growth of fungi, though it will not com- 
pletely destroy them ; for example, I put some fresh fecal matter, free from 
urine, in a bottle, and drew air washed in strong sulphuric acid over it; 
fungi appeared rapidly on the fecal matter. I then passed air impregnated 
with carbolic acid over the fungi; they become discoloured, brownish, and 
apparently died; but on again substituting washed air, they revived. The 
rapid destruction, and the as rapid recovery and regrowth, could be repeated 
many times, and showed that the carbolic acid air had withered without 
actually killing the fungi. 

The small growing cells suspended in the air are also stopped in their 
growth (according to Trautman); and, in fact, the action of carbolic acid 
may be said to be restraint of putrefaction and limitation of growth of low 
forms of aerial life§ The exact mode in which it acts is uncertain. When 
in some quantity, it coagulates albumen; and it has been supposed to be in 
this way that it restrains putrefaction.|| 

A mixture of 1 part of carbolic acid and 9 of vinegar, and a little camphor, 
has been used as 2 disinfectant in cabins on board ship. 

Coal-tar and Bitumen Fumes.—This is an old plan much used in the last 
century ; the fumes contain carbolic and cresylic acids with other substances, 
and it is presumed have the same effect as carbolic acid. The substance 
employed by Siivern, and which has at present some reputation in Germany, 
owes its success as an air-purifier to the fumes of coal-tar. 

Vinegar and Ammonia,—The vapour of vinegar is an old remedy, and was 
much employed by Howard in the purification of jails; the efficient agents 
were probably heat and ventilation, which Howard made use of at the same 
time. The vinegar would, of course, neutralise any ammoniacal vapours 
which might be in the air; whether its action would extend beyond this is 
doubtful. 7] 





* The Antiseptic System, by A. E. Sansom, M.D., 1871, p. 15. 
+ Savory and Moore's vaporiser is figured by Sansom. 
H Hospital Hygiene, by Charles pr oa M.D., 1872, p. 20. 
maire, Crookes, Sansom, and others, . 
| Various other hydrocarbons probably act in the same way, a8, for instance, the terebene pro- 
posed by Dr Bond of Gloucester. ‘ 
@ Itmay perhaps delay putrefaction and the growth of minute organisms, 
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The vapour of ammonia would not @ priori seem likely to be a purifier, 
though, as it restrains decomposition in solid matters, its vapour may have 
an effect in the air. 


It will be observed that the chief gases attacked by the air-purifiers are 
sulphuretted hydrogen and ammonium sulphide, which are easily destroyed 
by several agents, especially by chlorine, iodine, and sulphurous acid gas. 

The opinion that the floating organic vapours or molecules of whatever 
kind in the air are destroyed by the air-purifiers, has been hitherto derived 
not from direct quantitative determination of the organic matter before and 
after the action of the purifiers, but from their influence on odours and on 
other organic substances where their action is more easily followed. But the 
analogical evidence is so strong that we can have*little doubt of the reality 
of the action. 

The mode of action of the air-purifiers may be conceived to vary. Ozone 
and nitrous acid will directly oxidise all substances which can be so acted 
upon. Chlorine may act by substitution for hydrogen, or it may take hydro- 
gen and oxidise indirectly by liberating oxygen ; bromine and iodine may also 
take hydrogen inthe same way. Sulphurous acid more probably deoxidizes 
and forms sulphuric acid. In other cases, it seems probable that neither sub- 
stitution nor oxidation nor the reverse takes place, but that the action is one 
of restraint of putrefaction and of limitation of the growth of cryptogamic life. 
At least this may be inferred from the experiments of Crookes, Lemaire, and 
others on the action of carbolic acid on low forms of life growing in liquids. 
In practically carrying out aerial purification, great care is necessary to ensure 
that the gas or vapour is diffused everywhere through the room, and that it is 
constantly present. In a sick-room the vessel from which it is disengaged 
should be some little distance above the bed, or, in some cases, underneath it. 
In hospitalé with inlet tubes, it should be in the inlet tubes ; whatever be the 
agency, there should be a slight odour always perceptible. In the purification 
of onal rooms, all apertures should be clused. (Su chapter on Disinrsc- 
TION. 


CHAPTER III. 
VENTILATION. 


Tux term ventilation is not always used in the same sense. By some it is 
applied to the dilution and removal of all impurities which can collect in the 
air of inhabited rooms. ‘The most common causes of such impurities are the 
respiration and cutaneous transpiration of men, the products of combustion of 
lights, the effluvia of simple uncleanliness of rooms or persons, the products 
of the solid or fluid excreta retained in the room, or, in hospital, discharges from 
the body or from dressings. In addition there may be special conditions 
which allow impure air to flow into a room, as from the basement of a house, 
or from impurities outside a house. 

It will be desirable, however, to restrict the term ventilation to the removal, 
by a stream of pure air, of the pulmonary and cutaneous exhalations of men, 
and of the products of combustion of lights in ordinary dwellings, to which 
must be added, in hospitals, the additional effluvia which proceed from the 
persons and discharges of the sick. All other causes of impurity of air ought 
to be excluded by cleanliness, proper removal of solid and fiuid excreta, and 
attention to the conditions surrounding dwellings.* 

The subject of ventilation may be conveniently considered under the follow- 
ing heads :— 

1. The quantity of fresh air required for the purposes defined above. 

2. The mode in which this quantity may be supplied. 

3. The method of examining whether ventilation is sufficient ; in other words, 
whether the air of inhabited rooms is properly pure. This will form the sub- 
ject of a separate chapter. 


ewe ere weet: 





* Army Regulations on Ventilation.—The Surgeon-General or Deputy-Surgeon-General or 
Sanitary Officer or Medical Officer of a Corps or Station, is directed by the Hospital Regula- 
tions to see that the ventilation of barracks, guard-rooms, day-rooms, schools, reading-rooms, 
cells, and hospitals is good, and that the number of men in any room does not exceed the 
regulation number. 

The number of men placed in a barrack-room or hospital-ward is to depend on the cubic 
space. 

: In permanent barracks a man is allowed sy - 600 cubic feet. 


In wooden huts, . : . : ; : ‘ 400 sis 
In hospital wards at home, . ee : . 1200 ~ =;,, 

‘s » inthe tropics, . . ; : 500 a 
Tn wooden hospitals at home, ‘ ; 600 - 


The number of men in each room is ordered to be painted on the door. 

Before temporary hospitals are organised, the sanitary or other medical officer is to consider 
and report on the ventilation as wall'as other things. 

The surgeon or medical officer in charge of a regiment is directed to visit ‘at frequent 
intervals” all barracks, quarters, hospitals, cells, married soldiers’ quarters, to note their 
general sanitary condition, including ventilation. He is also to examine latrines, stables, &c. 

On field service and on transport ships the same duties are enjoined. 

The most constant attention is therefore ordered to be paid to this subject. 

With the exception of ordering a certain cubic space, the Medical Regulations do not give 
any specific rules as to the rate of change of air, but the Report of the Barrack Commissioners 
(1861) orders that arrangements be made to supply at least 1200 cubic feet per head per hour, 
or, in other words, that the 600 cubic feet of air shall be changed twice in the hour. 

In the Queen’s Regulations for the Army, the ventilation of cells, barracks, and transport 
ships is also ordered. 

e regulations thus require the medical officer to be able to report on the sufficiency or 
oe of ventilation ; or, in other words, on the rate of movement, and on the purity of 

e air. 
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SECTION L 
QUANTITY OF AIR REQUIRED. 


1. Quantity required to remove the respiratory impurities caused by 
healthy persons. , 


The impurities added to the air by respiration have been already enumerated 

. 105). 

P The ao acid which an adult man adds, to the extent of about ayths 
of a cubic foot in an hour, is not within certain limits an important impurity, 
but it is practically in a constant ratio* with the more important organic 
matter of respiration ; and, as it is readily determined, it is taken as a conve- 
nient index to the amount of the other impurities. t 

Taking the carbonic acid as the measure of the impurity of the air vitiated 
by respiration (and by respiration alone),t we have to ask, What is to be 
considered the standard of purity of air in dwelling-rooms? We cannot 
demand that the air of an inhabited room shall be absolutely as pure as the 
outside air; for nothing short of breathing in the open air can ensure perfect 
purity at every respiration.§ In every dwelling-room there will be some im- 
purity of air. 

The practical limit of purity will depend on the cost which men are willing 
to pay for it. Ifcostis disregarded, an immense volume of air can he supplied 
by mechanical contrivances, but there are comparatively few cases in which 
this could be allowed. 

Without, however, attempting too much, it may be fairly assumed that the 
quantity of air supplied to every inhabited room should be great enough to 
remove all sensible impurity, so that a person coming from the external air 
should perceive no trace of odour, or difference between the room and the out- 
side air in point of freshness. Taking the carbonic acid as the index of im- 
purity, it appears, from experiments made by Dr de Chaumont and myself, 
that the organic impurity of the air is not perceptible to the senses until the 
carbonic acid (i.¢., the initial and the respiratory carbonic acid) rises to the 
ratio of °6 per 1000 volumes, or ‘0006 in each cubic foot. Occasionally air 


* T say itis practically in a constant ratio, because it is so in asp a 99 cases out of 100, 
though there may be exceptional cases when the organic matter may be in excess. I think, 
for aiult men, the amount of 6 cubic feet per hour is a very close approximation. The most 
perfect experiment yet made is by Pettenkofer, who in a man aged 28, and weighing 60 kilo- 
grammes (= 132 Tb avds.), and taking little muscular exertion, found the carbonic acid in 24 
hours amount to 911°5 grammes, or 461 litres at 0° cent. This corresponds to ‘68 cubic foot 
per hour. The actual amounts were 0°78 in the day time, doing very little work; and 0°56 
at night in a state of repose. This gives 0°00424 per tb of papel in repose, and 0:0059 
in very gentle exertion. During hard work the same man evolved 1°52 per hour, or 0:015 
per fb of body-weight. As we may, however, take the average of adult males (such as 
soldiers) at 145 to 150 Ib, the amount evolved in repose would be from 0°615 to 0°636 per hour. 
ee amount °6, is therefore, for adult males, well within the actual amount observed 
in this case. 

+ One of the earliest observers to recognise the value of carbonic acid as an index of purity, 
appears to have been F. le Blanc, whose memoir, Récherches sur Ja Composition de |’Air 
Confiné (1842), is citedby General Morin. He appears to have had clearer notions as to the amount 
of air necessary than most of his contemporaries. 

t This, of course, includes transpiration, or carbonic acid exhaled from the person in any 
way ; but excludes all other sources, such as lights, fire, &c. ; 

§ Thus the carbonic acid in the air being taken at °04 per cent., and the carbonic acid of 
respiration being placed at ‘6 cubic feet in an hour, a man placed in a room of 1000 cubic feet 
of air must receive no less than 1,000,000 cubic feet of outside air in an hour to reduce the 
carbonic acid to the standard (nearly ‘0401 per cent.) of the fresh air.—On Ventilation and 
Cubic Space. By Qr de Chaumont, Assistant Professor of Hygiene, Army Medical School. 
Edinburgh Med. Jour. May 1867, 
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may seem pure to the senses when the carbonic acid is ‘7 or even ‘8 per 1000 
volumes, but the usual rule seems to be that when it exceeds °6, the air com- 
mences +o become perceptibly impure. When the carbonic acid reaches ‘9 or 
1+ per 1000 volumes, the air is what is called close and fusty ; above this, it 
becomes disagreeable. In order to perceive the smell of the organic matter, 
the room should be entered from the fresh outside air, as after the observer 
has been a few minutes in the room the odour becomes imperceptible. 

Pettenkofer has now adopted the limit of ‘7 measures of CO,, and Degen 
-66 measures per 1000, as the amount when the organic matter simultaneously 
present becomes perceptible. I would propose, then, to adopt the amount of 
‘6 per 1000 volumes, or ‘0006 per cubic foot, of total carbonic acid (initial and 
respiratory) as the limit of impurity. I admit that Iam not able to show by direct 
evidence that impurity, indicated by ‘7 or ‘8, or even 1 volume of carbonic 
acid per 1000, and organic impurities in proportion, is injurious to health. We 
possess no means of testing the effects of such small quantities, Such a standard 
must ‘be adopted, first, on the general evidence that large aerial impurities are 
decidedly hurtful, and that smaller amounts may be presumed to be so in 
proportion, although we cannot measure the action ; and secondly, on the fact 
that we have an obvious and simple measure in the effect produced on the 
sce which gives us a practical line of demarcation we could not otherwise 
obtain. 

In a paper by Dr de Chaumont,* it is shown, from a large number of observa- 
tions (473 analyses,) that the sense of smell carefully employed gives a very 
fair idea of the amount of impurity in an air-space. In those experiments the 
amount of carbonic acid in the external air was determined at the same time, 
so that the respiratory impurity was accurately known. Dividing the observa- 
tions into groups the following results were obtained :— 
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0°4182 0°6708 0°9054 








It will thus be seen that the smell of organic matter is, on an average, per- 
ceptible to the sense of smell when the coincident CO,, due to respiratory 
impurity, reaches 0°1943 per 1000 ; and that when it exceeds 0°9054 the smell 
is no longer able to detect shades of difference. Assuming the average ratio 
of CO, in external air to be 0-4 per 1000, the inferior limit will be 0°5943, 
or closely approaching 0-6 as above adopted. We may therefore take 0:2 per 
1000 in round numbers as the maximum amount of respiratory impurity 
admissible in a properly ventilated air-space. 

Adopting, then, this standard as the measure of the permissible maximum 
of impurity, the next point is the quantity of pure external air which should 
pass through the air of a room, vitiated by respiration, per head per hour, in 
order to keep the carbonic acid at this ratio. The following table gives the 
answer to this question, under different conditions of cubic space :— 





. * On the Theory of Ventilation. Proceedings of the Royal Society No. 438, p. 187, 1875 and 
No. 171, 1876. ; 
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Tape to show the degree of Contamination of the Air (tn terms of carboni acid) 
Respiration, and the amount of air necessary to dilute to a given Ged of 6 per oes 
volumes efwpne gpa [ the carb : on bosgbabos existing, and *2 is from respira- 
tion. In e a deduction is made of the initial +4 volumes o ic aci 
1000, for the sake of clearness. f carbonic acid per 


mien 





ee 


Ratio per 1000 of carbonic Amount of air necessary to 
dilute to standard of «2, or,/ Amount nece 
Amount of cubic space | acid from respiration at including the initial || dilute to the given, 


= ace) for | the end of one hour, if 
(=breathing space) * ve | carbonic acid, of -6 per 1000 | staudard every hour after 
6 A 








one man in cubic feet. | there has Lege change | volumes, during the first the frst 
: hour. 

100 6°00 2900 $000 
200 8-00 2800 3000 
300 2°00 2700 $000 
400 1°50 2600 ® 3000 
500 1°20 2500 $000 
‘600 1:00 ' 2460 3000 
760 0°85 2800 3000 
800 0°75 2200 3000 
900 0°66 2100 3000 
1000 0°60 2000 $000 





As already stated, for the sake of simplicity, the carbonic acid naturally in 
the air has been disregarded, but, of course, there would be actually in the air 
‘4 volumes per 1000 more from this source. Thus in the room of 100 cubic 
feet there would be at the end of an hour (‘04+ 6) 64 volumes, or 6-4 per 
1000, and in the room of 200 cubic feet there would be ‘34 volumes per cent., 
or 3°4 per 1000. 

The above table is calculated by the following formula of Dr de 
Chaumont :—* | 

Let R be the ratio of CO, naturally in the air (viz. 0004 per cubic 


foot) ; 

r’ be the additional ratio per cubic foot of air of vitiation by 
respiration of one male adult in an hour (the average 
being ‘6 cubic foot of carbonic acid) ; 

r be the ratio per cubic foot of air to which it is desired 1’ 
should be reduced ; 

c be the capacity in cubic feet of the air space ; 

d@ be the delivery of fresh air in cubic feet ; 

v be the entire volume of the air, viz, c+d. 

The formula is— 








yr —-R 
7 xexvandy-c=d; 
or v may be eliminated thus :— 
r-fr 
: ~Rxe=as 


or, in other words, the difference between the degree of vitiation and the 
almissible limit, divided by the excess of the admissible limit over the ratio 
in the outer air, gives a number, by which the capacity of the air-space must 
be multiplied, in order to find the amount of fresh air required to reduce the 
vitiation to the admissible limit. 

In the table already given, as the standard of practicable purity is taken 
as ‘2 per 1000 of CO, (= 0002 per cubic foot) from respiration, and this is 


* Lancet, Sept, 1866, and Edin. Med. Journal, May 1867. These papers can be referred to 
for several useful formuls. I would also refer to the Blue-Book of the Committee on the Cubic 
Spaee of Metropolitag Workhouses (1867), in which will be found several papern, especially one 
by Professor Donkin, in which this subject is mathematically treated. a. Ys 
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sisth of 6: (the ratio per 1000, that is, of vitiation from respiration in the 
room with 100 cubic feet), the multiplier is 30; in the room with 200 cubic 
feet -2 is 7,th of 3° (the ratio of vitiation), and the multiplier is 15, and 
80 On, 

The answer may also be obtained by another formula of Dr de Chaumont’s. 
Let e be the assumed quantity of CO, evolved by one individual per hour ; 


; € 
and p be the amount of respiratory impurity per cubic foot; than- = d, the 


required delivery of air per hour in cubic feet. Thus if ¢ be taken at 0°6 of 
a cubic foot, and p be the admissible limit of respiratory impurity, namely, 


0°6 : : 
0:0002 per foot, then we have: 00003 = 3000 cubic feet of air per head per 


hour to keep the air in the required condition. Conversely the formula may 
be used to find how much air has been delivered and utilised during the 
period of occupation. Thus, in an experiment the amount of total CO, was 
found to be 1:1 per 1000, or 00011 per foot ;—the amount in the open being 
0:0004 per foot, we have the respiratory impurity (p)=0:0011 — 0-0004 = 


0:0007 ; therefore we find : 0-0007= 857 cubic feet of air per head per hour 


as the mean amount supplied and utilised during the period of occupation. 

If the standard of practicable purity, viz., ‘6 of carbonic acid per 1000 
volumes (of which ‘2 is derived ffom respiration) is considered too high, as 
involving too great a cost, and if ‘7, ‘8, or ‘9 be taken, the amount of air 
required per head per hour will be 2000, 1500, and 1200 cubic feet respec- 
tively. Ifthe emission of carbonic acid is taken, not at ‘6 cubic foot per 
hour, but as something less, as in the case of women and children, a less 
amount of air would suffice, and can be calculated out at once from the 
formula. 

In reference to a proposed standard, it is now earnestly to be wished that 
there should be a general agreement among medical men on the point; and I 
hope that the reasons already assigned will be considered sufficient to warrant 
the general adoption of °6 per 1000 of carbonic acid, or rather, 0:2 per 1000 
of respiratory impurity, as the standard of permissible maximum im- 
purity. 

The amount of fresh air thus determined by calculation is in accordance 
with that determined by actual experiment. I have measured the air passing 
out of barracks and hospital wards, and found that when 1200 or 1400 cubic 
feet per head per hour only were given, the carbonic acid reached °7, °8, or °9 
per 1000 volumes, and that more than 2000 cubic feet were necessary to keep 
the air pure to the senses. Drde Chaumont’s analyses* agree closely with 
this; so also the older experiments by Grassi, in Paris, at Mazas, and the 
latter observations of General Morin, as well as the observations and calcula- 
tions of others, all fairly agree in this respect. 

General Morin,¢ from analysis of all the observations made in Paris, and 
from experiments of his own, gives the following amounts :— 

Amount of fresh air to be supplied per head per hour in temperate climates 
in the following circumstances :— 

In barracks, = 30 cubic metres by day = 1059 cubic feet ; 60 by night, = 2118 
cubic feet. Workshops, =60 cubic metres= 2118 cubic feet. Schools, = 30 


* Army Medical Department Reports, vols. v. vi. and vii. 
+ Rapport de la Commission sur le Chauffage et la Ventilation des Batimens du Palais de 
a Paris, 1860. The older observers gave much amaller amounta, but I do not quote 
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cubic metres = 1059 cubic feet. Hospi =: 80 cubic metres da i 
G90 eubio feet (in opldetsioa, 160 eubic motace)# acta a 

Ranke, in his work om Physiology,+ fixes the quantity at 60 cubic metres 
(2118 cubic feet) as the necessary minimum amount. 

Roth and Lex} adopt the maximum of ‘6 per 1000; but as they estimate 
the expired CO, as 20 litres,§ or ‘706 cabic feet (Eng.) per hour, they give the 
hourly quantity of air as 100 cubic metres, or 3500 cubic feet. 

In mines which are thought to be well ventilated, not less than 1400 cubic 
feet are given per head per hour, and if there is much fire-damp, as much as 
6000 cubic feet have been supplied.|| A horse requires 2450 cubic feet per 
hour at the least. Miarcker has lately given the following amount from 
experiments :—For big cattle of 1000 hb weight, 30-40 cubic metres 
(=1059-1412 cubic feet) ; for little cattle of the small weight, 40~50 cubic 
metres (=1412-1765 cubic feet). These amounts seem very small, but 
Miarcker’s reasons for not giving more seem to be on account of the lowering 
of the temperature. , 

Although, in order to give precision to the subject, it is necessary to 
attempt to define the minimum quantity which is necessary, there is no doubt 
it is advantageous to have a larger amount. In the case of men in active 
work the amount of air must must necessarily be larger than in repose. Even 
assuming the erect instead of the recumbent position increases the amount of 
carbonic acid given off. As men in work appear to give off from 00060 to 
0:0115 ofa cubic foot of CO, per tb of body weight, according to the hardness 
of the work, it follows that, to keep the air to the adopted standard of purity, 
a man weighing 150 tbs ought to have from 4500 to 8600 cubic feet of fresh 
air per hour, according to the amount of work he does. In short, wherever 


practicable, we should be contented with nothing less than an almost unlimited 
supply. TE LS fae ae RIN beh Pe 


2. On the Quantity of Air required for Lights, if the Atr is to be kept Pure 
by Dilution. 


Air must be also supplied for lights if the products of combustion are 
allowed to pass into the room. Wolpert has calculated that, for every cubic 
foot of gas, 1800 cubic feet of air must be introduced to properly dilute the 
products of combustion; and this is not too much if we remember that a 
cubic foot of good coal gas produces about 2 cubic fect of carbonic acid, and 
that sulphuric acid and other substances may be also formed. A common gas 
burner will burn nearly 3 feet per hour, and will consume 10 or probably 12 
cubic feet in an evening (4 hours), and therefore from 18,000 to 21,600 cubic 
feet of air must be introduced for this purpose alone in the 4 hours, unless the 
products of combustion are removed by a special channel. The power. 
of illumination being equal, gas does not produce more carbonic acid than 
randles (Odling), but usually so much more gas is burnt that the air is much 
nore deteriorated ; there is also greater heat and more watery vapour. The 





_* These amounts are somewhat modified in his Manual Pratique du Chauffage and do la 
Ventilation, 1874. They are, however, all too low for good ventilation. 
Grundziige der Phys., 1868, p. 876. 
.F Loe, cit. p. 221. ; 

§ This amount is also adopted by General Morin. 

ll It has been stated, from extensive observations, that, in mines, if it is wished to keep up 
he greatest energies of the men, no less than 100 cubic feet per man per minute (6000 per 
iour) must be given ; ifthe quantity is reduced to one-third, or even one-half, there is a serious 
liminution in the amount of work done by the men. This amount includes, of course, all 
he air wanted in the gine for horses, lights, &c.—Proceedings of the Civil Engineers, vol. xii. 
ip. 298 and 308. . 

x 
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roducts should never be allowed to escape into the air of the room. “Weaver 
ha shown how important a source of impurity this is; and the bad effects of 
breathing the products of gas combustion are well known. 

A tb of oil demands, for complete combustion, 138 cubic feet of air ; and. to 
keep the air perfectly pure, nearly as much air must be introduced for 1 Ib of 
oil as for 10 feet of gas. In mines, 60 cubic feet per hour are allowed for 
each light; the lights generally are dim, and the amount of combustion 1s 
slight ; but this seems an extremely small amount. ; 

If gas is not burnt in a room, or in a very small amount, or if only candles 
or oil lamps are used, it is seldom necessary to take them into account in esti- 
mating the amount of air. 


3. On the Quantity riquired for the Respiration and Dilution of the 
« Emanations of Sick Men. 


With regard to sick men, it is impossible to say what quantity should be 
given. In some diseases, so much organic substance is thrown off, that 
scarcely any ventilation is sufficient to remove the odour. At the Hospital 
Beaujon in Paris, it was shown, as long ago as 1847, that 60 cubic metres 
(= 2118 cubic feet) per head per hour did not remove all odour from the 
surgical wards after dressings. Grassi* mentions that a perceptible odour 
diffused from a case of cancerous ulcer in a ward in the Hépital Necker at 
Paris, although the ventilation at the time was 3600 cubic feet per head per 
hour; but bad odour will perceptibly taint an hospital ward with a greater 
allowance of air even than this. Dr Sankey found the wards in the London 
Fever Hospital to be not free from odour when 3720 cubic feet per head per 
hour were passing in. In some of the London Hospitals Dr de Chaumont 
found that there was still a close smell when 5000 cubic feet and even more 
were supplied, but the distribution was not perfect. Even when 3600 feet 
were supplied and utilised (as calculated from the CO,) the ward was not free 
from smell. In his paper on the “Theory of Ventilation” (Proceedings of 
the Royal Society Joc. cit.); he showed that whilst the smell of organic matter 
was still imperceptible in barracks, among healthy men, when the air 
contained 0-208 of CO, per 1000, it was quite distinct in hospitals (among 
ordinary cases) when the CO, amounted to 0:166; so that if 3000 cubic feet 
per hour be put as a minimum in health, this ought to be increased by one- 
third, giving 4000 as a minimum in sickness even of an ordinary character, 
-~—to be increased, of course, without limit in cases of a serious nature. In 
the new Hoétel Dieu at Paris, it is intended to give at least 100 cubic metres 
{3500 cubic feet) per head per hour; but this amount is not sufficient. Dr 
Sutherland believes that at least 4500 cubic feet per head per hour must be 
allowed when there are many bad cases, and especially surgical cases with 
open wounds; and during epidemics, or when hospital gangrene, pyemia, or 
erysipelas are spreading, 6000 cubic feet at least must be given; or, in other 
words, the supply must be almost unlimited. The best surgeons now consider 
an almost complete exposure of pysmic patients to the open air the best treat- 
ment; and it is well known that in typhus fever and (to a less extent) in 
typhoid, and also in small-pox and plague, this complete exposure of patients 
to air is the first important mode of treatment, before even diet and medicines. 
Even temperature must be sacrificed to a considerable extent, in order to 
obtain fresh air, if a choice requires to be made between the two. 

Humidity.—The condition of the air as regards humidity is a matter of some 





: ere Heads comparative des Deux Systémes de Chauffage et de Ventilation, &c, Par 0, Grassi, 
3 Pp. le 
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importance, but has not hitherto been much considered. In Drde Chaumont’s 
experiments the mean humidity, in rooms having less than 0:2 per 1000 of 
respiratory impurity (reckoned as CO,), was 73 per cent., at a temperature of 
63° Fahr. This might be taken, provisionally, as a standard.* 


SECTION IL 


THE MODE IN WHICH THE NECESSARY QUANTITY OF FRESH 
AIR CAN BE SUPPLIED. 


This is an engineering problem, and there can beno doubt that in time to 
come it will be as carefully considered by engineers as the supply of water, or 
the removal of the solid and fluid excreta. Ventilation is, in fact, the 
problem of the removal of the gasiform excreta of the lungs and skin, 


Sus-SgEoTION ].—PRELIMINARY CONSIDERATIONS. 


1. Cubic Space.t—A certain amount of fresh air has to pass through a given 
air space in a fixed time to order to maintain a certain degree of purity; the 
amount has been fixed (page 143) at 3000 cubic feet for each adult healthy 
male in an hour; before considering the appliances for moving this air, we 
must consider what should be the minimum size of the air space for each 
healthy male adult through which the fresh air has to pass. 

This will entirely depend on the rate at which air can be taken through the 
space without the movement being perceptible or injurious. The size of the 
space is chiefly of consequence, as it affects this condition. The larger the 
air space the less is the necessity for the frequent renewal of air, and the less 
the chances of draught. Thus a space of 100 cubic fect must have its air 
changed thirty times in an hour, if 3000 cubic feet of air are to be given, 
while a space of 1000 cubic feet need only have it changed three times in an 
hour for an equal ventilation. 

When the most perfect mechanical means are empfoyed, the air of even 
a small air space can be changed sufficiently often without draught. Thus, in 
Pettenkofer’s experimental room at Munich, the air space is 424 cubic feet, 
and 2640 cubic feet can be drawn through by a steam engine in an hour 
without perceptible movement; in other words, the change is six times per 
hour nearly. With the best mechanical contrivances, and with disregard of 


* From the state of the air as Psa humidity, information may sometimes be obtained 
which might take the place of the CO, determination, in the absence of means for carrying out 
the latter. For instance, at St Mary’s Hospital the air of the wards was found to have 78 per 
cent. of humidity, or 5°8 per cubic foot ; to reduce it to 3 per r » or 5°5 grains per cubic 


foot, while the external air contained 5:2, we should have aero og7) or we should re- 


quire to add to the existing delivery of air, at least as much more aid hour as would equal the 
total cubic space. In the case referred to this was about 2256 cubic feet. The actual supply 
was 2080, total 4886 per head, or about the quantity demanded for proper hospital ventilation. 
+ For the rales on the measurement of cubic space, see the chapter on the Examination of 
Air. Inthe metropolitan lodging-houses, 30 superficial and 240 cubic feet are allowed ; in the 
section-houses of the metropolitan police 50 feet superficial and 450 cubic feet are given. The 
Poor-law Board allows 800 cubic feet for every healthy person in dormitories, and from 850 
cubic feet and upwards, according to circumstances, as far as 1200 cubic feet for every sick 
person. In Dublin an allowance of 400 cubic feet is required in the registered lodging-houses. 
(From an excellent pamphlet, entitled Essentials of a Healthy Dwelling, p. 13.) In the 
Prussian army the allowance is 495 cubic feet (Prussian measurement, which is nearly the samo 
as English), dag space being 42-45 square feet ; in the old Hanoverian army the 
cubic space was 700 to 800 cubic feet (Prussian). The London School Board have given, in a 
general schoolroom, 10°square feet per scholar, and in graded schools 0 ere feet ; the height 
was ordered to be 18 feet—making 130 and 117 cubic feet respectively. is seems very small, 
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cost, we are therefore certain that a cubic space of 424 feet would 
be sufficient, and there is every probability that engineers could ventilate even 
a smaller space without perceptible movement. 

But if the mechanical contrivances are of an inferior kind, and particularly 
if natural ventilation is used, the difficulties of ventilating a small space are 
considerable, and are caused not so muzh by the rate of movement of the 
greater part of the air in the room, as by the rate at the openings where the 
fresh air comes in very quickly, and causes currents in the room. Suppose, 
for example, a space of 500 cubic feet with a man in it, who has to be supplied 
with 3000 cubic feet in an hour; if the inlet opening be 12 square inches, 
the rate of movement through it would be 10 feet per second, or nearly 7 
miles per hour ; if 24 squgre inches, it would be 5 feet, or about 3:4 miles per 
hour. In either case, in such a small room, the air could not be properly 
distributed before reaching the person, and a draught would be felt. If 
instead of 500 cubic feet 1000 were given, the problem is easier, for the small 
current of fresh air mixing with the larger volume of air in the room is more 
easily broken up, and the man being further from the opening the movement 
is less felt. The question, in fact, turns in great measure on the power of in- 
troducing the air without draught. 

If the change of air is carried on by what is termed natural ventilation, and 
under the ordinary conditions of this climate, a change of air six times per hour, 
as in Pettenkofer’s room, could not be attempted. Even five times per hour 
would be too much, at least in barracks with 600 cubic feet per head, the 
rooms are cold and draughty, when anything approaching to 3000 cubic feet 
per head per hour are passing through ; that is a change of five times per hour 
for each 600 cubic feet of air space. A change equal to four or three times 
per hour is, I believe, generally all that can be borne under the conditions of 
warming in this country, and if this be correct, from 750 to 1000 cubic feet 
should be the minimum allowance of the initial air space.* 

With good warming and an equable movement which, however, is not 
always easy to get, there might be larger inlets, and therefore more easy dis- 
tribution and a smaller air space to begin with. If the inlets are 48 square 
inches, the rate through them to supply a space of 500 cubic feet with 3000 
cubic feet per hour, would be only 24 feet per second ; and if, as should be 
the case in artificial ventilation, the inlet is 72 or 80 square inches in size, the 
rate would only be a little over 14 foot per second, which would be impercep- 
tible even at the orifice. But there is an argument against a small cubic space 
even with good mechanical ventilation, viz. that if anything arrests the 
mechanism for a time, the ratio of impurity from respiration increases much 
faster in a small than in a large space. 





* It will, of course, be pene ter that the whole argument turns on the assumption of the 
correctness of the standard of practicable ‘purity, viz., ‘6 volume sof carbonic acid per 1000. 
If a less pure standard is fixed, the amount of fresh air per hour would of course be less; but 
I hope the purer standard will be adopted. 

+ Experimental data on many of these points are still wanting. In prisons, with cells for 
eparete confinement and artificial ventilation, the amount of space is seldom under 760 to 
cubic feet, and practically this is found to be too small, 

In Pentonville Prison, on Jebb’s system, the air was hardly ever changed three times in the 
hour, during my experiments, although the cells are nearly 800 cubic feet in capacity. The 
mean supply of air per hourswas about 1050 cubic feet. In Gosport military prison, also on 
Jebb’s principle (but vpn papetaed carried out), the mean supply was about cubic feet, but 
the cells are only about 600 in capacity. In Aldershot military psa (not on Jebb’s principle) 
with cells about 600 cubic feet in size, the mean supply was under 00. And in Chatham con- 
vict prison, where the cells are only 200, the mean supply was about 490. Wilson (Hand- 
book of Hygiene) appears to have found the air changed in the large cells at Portsmouth con- 
vict Ee about 3 times in the hour, and in the small about 4 times ; this; however, is certainly 
Dot rule. (F. de C.) = i i 


MODE IN WHICH FRESH AIR CAN BE SUPPLIED. 149 


The warmth of the moving air influences the sensation of the persons ex- 
posed toit. Ata temperature of 55° or 60°, a rate of 1} feet per second (= 1 
mile per hour nearly) is not perceived ; a rate of 2 and 24 feet per second 
(1-4 and 1-7 miles per hour) is imperceptible to some persons; 3 feet per 
second (2 miles per hour nearly) is perceptible to most; arate of 3} feet is 
perceived by all persons; any greater speed than this will give the sensation 
of draught, especially if the entering air be of a different temperature, or moist. 
If the air be about 70° Fahr., a rather greater velocity is not perceived, while 
if it be still higher (80° to 90° Fahr.), the movement becomes again more per- 
ceptible, and this is also the case if the temperature be below 40° Fahr. If 
the air could be warmed to a certain point in a cold climate, or if the climate 
be warm, there may be a much more rapid curgent, and consequently a 
smaller cubic space might be given. The subject of ventilation is in cold 
climates connected inseparably with that of warming, for it is impossfble to 
have efficient ventilation in cold weather without warming the air. (Soo 
chapter on WARMING.) 

The above remarks apply to adult males; for women and children 
it might be considered that the amount of fresh air and of cubic space 
should be less, as they vitiate the air less than men. But as the difference 
between women and men is not great, and as children, in proportion to 
their size, undergo a more rapid tissue change than adults, it would be the 
safest course to have the same rule for all individuals of whatever age, 
except the very youngest and oldest, who require special conditions of 
warming. Some persons, however, class two children as ono adult; but if 
this be adopted, the rule should, at any rate, be restricted to children under 
five years old.* 

The amount of cubic space thus assigned for healthy persons is far more 
than most people are able to have; in the crowded rooms of the artizan class, 
the average entire space would probably be more often 200 or 250 cubic feet 
per head than 800. The expense of the larger rooms would, it may be feared, 
be fatal to the chance of such an ideal standard being generally carried out ; 
but, after all, the question is, not what is likely to be done, but what ought 
to be done; and it is an encouraging fact that in most things in this world, 
when a right course is recognised, it is somehow or other eventually carried 
out. 

So, in the case of soldiers, the amount of authorised regulation space 
(600 cubic feet), is below the standard now given, but still the space is 
as much as can be demanded at present. It has been found very 
difficult, without incurring greater expense than the country would bear, to 
give every man even the 600 cubic feet, and as soldiers are healthy men, and 
can bear rapid movement of air, and as some of the entering air is warmed 
by the barrack grate, the 600 cubic feet may possibly suffice. 

For sick persons the cubic space should be more than for healthy persons. 
We are to remember that there are other impurities besides those arising from 
respiration and transpiration, and that immediate dilution and as speedy 
removal as can be managed are essential. 

Very much the same considerations apply to sick as to healthy men, except 
that the allowance of air in all cases of acute diseases must be greater; and, 
therefore, especially if natural ventilation be employed, the cubic space has to 





* Tf any difference is made, children ought to be considered as evolving not less, than 0°45 of 

a cubic foot of CO, per hour; the amount 0°6 ought to be retained for women, and 0'°7 ought 

to be allowed for men. In this way the minimum hourly muply i health in yar ought to be = 
For dhildren, ‘ ; for women 8000 ; for men 3500.; 


In ordinary sickness, 8400 ; ” ; ” 
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be enlarged also, to insure good distribution without draught, for surface 
chilling must be carefully avoided. . 
_ Admitting that onan average 4000 cubic fect of fresh air should be 
@upplied, in hospitals, per patient per hour, and if the change of air is to be 
four or three times per hour, as the beet rate-of movement, the cubic space 
must be 1000 or 1300 cubic feet respectively. A consideration of another 
‘kind may aid in determining the question as regards sick men. In hospitals 
a certain amount of floor space is indispensably necessary ; first, for the lateral 
separation of patients; secondly, for convenience of attendance. For the 
first. object the greater floor space the better ; and in respect of the second, Dr 
_ Acland has clearly shown that the minimum floor space for convenient nursing 
should be 72 square feet per bed.* In award of 12 feet in height this would 
give 864 cubic feet. 

Considering, however, the immense benefit to patients of pure air, and 
the practical experience of hospital physicians, it is very desirable not to 
fix the floor and cubic space of hospital wards intended for acute and surgical 
diseases, and for cases with copious discharges, at the minimum of what 
may suffice. The desire of most hospital physicians and surgeons is to 
obtain for their-patients, if they can, a floor space of 100 to 120 square feet, 
and a cubic space of 1500 to 2000 cubic feet, and I believe that this is 
true wisdom. 

A notion prevails among many people, that cubic space may take the place 
of change of air,—so that if a larger cubic space be given, a certain amount 
of change of air may be dispensed with, or less fresh air be required. This 
is quite erroneous: even the largest space can ouly provide sufficient air for a 
limited time, after which the same amount of fresh air must be supplied 
hourly, whether the space be large or small. This is shown by the table on 
page 143. Even in a space of 10,000 cubic feet per head the limit of 
adiissible impurity would be reached in a little over 3 hours, after which the 
same hourly supply of 3000 feet would be as necessary as in a space of 100 
cubic feet. t 

The amount of ventilation for animals has not been experimentally deter- 
mined to my knowledge. A horse is said to require at least 2466 cubic feet 
of fresh air per hour, but he probably requires more, and the analysis of the 
air of stables shows that the air has frequently been very impuret At 
present, the Army Regulations allow, in new stables, each horse 1605 cubic 
feet, and 100 square feet of floor space ;§ and the means of ventilation, as 
will be presently noticed, are ample. In the new Army Horse Infirmaries, 
the superficial area is to be 127 square feet, and the cubic space 1900 feet 
per horse. 


* See report of the Committee appointed to inquire into the cubic space of Metropolitan 
Workhouses, 1867, p. 12. 

+ For further remarks on this point see my Lectures on State Medicine ; also Hygitne in the 
Sanitary Record, 1874-5. Ina pamphlet by General Morin, Note sur hg op culnque, &c., a 
table is given that might be misleading, without explanation. It really shows the amount of 
air necessary to dilute a certain amount of impurity evolved in a certain cubic space, and is 
similar to the table given on page 143 of this work. For continuous ventilation the necessary 
supply in any ordinary space after the first hour, is a constant quantity. (F. de C.) 

If there is a constant relation between weight and the evolution of CO. a seems likely) 
then a horse, weighing 500 tb would evolve per hour about 2 cubic feet of” O, which would 
require 10,000 cubic feet of air to reduce to the standard adopted formen. The supply above 
named. (2466) would reduce the impurity to from 0°8 to 10 per 1000 according to the size of 
the animal; adding to this 0°4 for the incoming air, we have 1-2 to 1°4 as the probable con- 
dition of the air of the stable. Mircker fixes the standard at 2°5 to 3.0 per 1000, which 
would argue a delivery of air of only about 800 to 1000 per hour, certainly too small. 

§ Report of the Barrack and Hospital Improvement Commission on the Ventilation of 
Cavalry Stables, 1863, p. 10. 
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In the stables of cattle there is often excessive over-crowding, and it is 
well-known that there is a vast amount of disease among them, which, how- 
ever, is ectdom — to ge fay, * they = sent to the butcher. Tr Ballard, 
who paid great attention e © plague in Isli recommend 
at Toast 1000 cubic feet should be allowed per aa ila 

2, Sores of the air supplied.—In order that the object of the ventilation 
shall not be defeated, it is necessary thet the air entering a room shall be 
pure. The air must be the pure external air, and not be derived from places 
where it has stagnated and taken up impurities ; if it is drawn along passages 
or tubes, and through louvres or basements, these should be capable of 
inspection and cleansing. All air-shafts should, if possible, be short and 
easily cleaned. This is an important rule, and shoyld lead to the rejection of 
all plans in which the air-shafts are long and incapable of being cleaned. I 
have seen several instances of air being distributed by costly appliances, and 
yet being drawn from an impure source, or allowed to be contaminated on its 
passage. Instead of perforated bricks, there should be sliding panels, or 
hinged flaps, so that the tube may be easily reached. 

3. Warming or cooling of the air.—The air may require to be warmed 
to 60° or 65° Fahr., or cooled according to the season or locality. The 
warming in cold and temperate climates is a matter of necessity, as, if dis- 
comfort is caused by cold draughts, ventilation openings are certain to be 
closed. 

4, Distribution.—The distribution in the rooms should be perfect, that is, 
there should be uniform diffusion of the fresh air through the rooms. The 
best way of ascertaining this is to compare the amount of air utilised, as 
calculated from the observed CO,, with the actual movement of air, as 
measured with the air-meter. If the distribution is good the two quantities 
ought not to differ materially. Much difficulty is found in properly managing 
uniform diffusion, and it requires careful arrangement of the various open- 
ings. The distributing plans should, if possible, prevent the chance of 
breathed air being rebreathed, especially in hospitals. As the ascent of re- 
spired air is rapid, on account not only of its temperature, but from the force 
with which it is propelled upwards, for patients in bed, the puint of discharge 
should be above. 

During the last few years it has been argued that it is better that the foul 
air should pass off below the level of the person, so that the products of 
respiration may be immediately drawn down below the mouth, and be replaced 
by descending pure air. But the resistance to be overcome in drawing down 
the hot air of respiration is so great that there is a considerable waste of power, 
and the obstacle to the discharge is sometimes suflicient, if the extracting 
force be at all lessened, to reverse the movement, and the fresh air forces its 
way in through the pipes intended for discharge. This plan, in fact, must be 
considered a mistake. The true principle is that stated long ago by D’Arcet. 
In the case of vapours or gases the proper place of discharge is above; but 
heavy powders, arising in certain arts or trades, and which from their weight 
rapidly fall, are best drawn out from below. 
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These are :— 1st, the forces continually acting in nature, and which produce 
what has been termed natural ventilation. 2d, The forces set in action by 
man, and which produce the so-called artificial ventilation. 

The division js convenient, but not strictly logical, as the forces which act 
in natural do so also in artificial ventilation to a certain extent. 
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NATURAL VENTILATION—GENERAL STATEMENTS. 


Three forces act in natural ventilation, viz. diffusion, winds, and the 
‘difference in weight of masses of air of unequal temperature. 


]. DIFFUSION. 


As every gas diffuses at a certain rate, viz, inversely as the square 
root of its density, there is a constant escape of any foreign gas into 
the atmosphere at large. From every room that is not air-tight Pettenkofer 
and Roscoe have shown that diffusion occurs through brick and stone, and 
Pettenkofer believes that one of the evils of a newly built and damp house is 
that diffusion cannot occur through its walls. But the ordinary plastered and 
papered walls reduce diffusion to a most insignificant amount. Through 
chinks and openings produced by imperfect carpentry the air diffuses fast, 
and Roscoe found that when he evolved carbonic acid in a room the amount 
had decreased one-half from that cause in 90 minutes. ; 

The amount of purification produced by diffusion under ordinary circum- 
stances is shown by observation to be insufficient, and, in addition, organic 
substances, which are not gaseous, but molecular, are not affected by it, As 
a general ventilating power, it is therefore inadequate. 


2, THE AOTION OF THE WINDS. 


The wind acts as a powerful ventilating agent, and in various waye. If it 
can pass freely through a room, with open doors and windows, the effect it 
produces is immense. For example, air moving only at the rate of 2 miles 
an hour (which is almost imperceptible), and allowed to pass freely through 
a space 20 feet wide, will change the air of the space 528 times in one hour. 
No such powerful action as this can be obtained in any other way. 

The wind will pass through walls of wood (single-cased), and even of porous 
bricks or stone; and perhaps this will account for the fact that such houses, 
though cold, are healthy habitations By covering a brick with wax, or 
inclosing a portion of a brick wall in an air-tight box, Pettenkofer has shown 
that the force of the breath will drive air through the brick, and will blow 
out a candle on the other side if the current of air be collected in a small 
channel. The force required to drive the air through is, however, really con- 
siderable, as the air in the brick must be brought into a state of tension. 

Marcker* has given the following as the amount of air passing in one hour 
through a square metre of wall space, when the difference of temperature is 
1° C. :—Sandstone, 1-69 ; limestone, 2:32; brick, 2°83; tufaceous limestone, 
3°64; and loamy brick, 5:12 cubic metres of air. The little porosity of sand- 
stone depends on the amount of moisture it holds) The moisture, in fact, 
greatly influences the transit. Plaster, however, appears to arrest wind, if it 
be true, as stated, that in the interior of some thick walls, after many years, 
lime has been found still caustic; and Mircker also notices the obstructive 
effects of mortar. 

There are two objections to winds as ventilating agents by perflation. 

1. The air may be stagnant. In this country, and, indeed, in most 
countries, complete quiescence of the air for more than a few hours is scarcely 
known. Air is called “still” when it is really moving 1 or 14 mile an hour. 
The average annual movement of the air in this country is from 6 to 12 miles 
per hour; but it varics, of course, greatly from day to day, and in different 





* Untersuch. tiber nat. et kiinstliche Ventilation. Gittingen, 1871. The ventilation of 
cattle stalls and stables is well discussed in this book. The standard of CO, is fixed at 2°5 to 8 
per 1000 volumes of air. 


But the wind acts in another way. A moving body of air sets in motjon 
all air in its vicinity. It drives air before it, and, at the same time, causes 
a partial vacuum on either side of its own path, towards which all the air in 
the vicinity flows at angles more or less approaching right angles. In this 
way, a small current moving at a high velocity will sot in motion a large 
body of air. 

The wind, therefore, blowing over the tops of chimneys, causes a current at 
right angles to itself up the chimney, and the unequal draught in furnaves is 
owing, in part, to the variation in the velocity of the wind. Advantage, 
therefore, can be taken of this aspirating power of the wind to cause a move- 
ment of air up a tube. The wind, however, may impede ventilation by 
obstructing the exit of air from any particular opening, or by blowing down 
a chimney or tube. This is, in fact, one reason of the failure of so many 
systems of ventilation; they may work well in a still atmosphere, but the 
immense resistance of the wind has not been taken into account. At 3 miles 
an hour, the pressure of the wind is ? of an ounce on each square foot; it is 
1 ounce at 34 miles; 2 ounces at 5 miles; 4 ounces at 7 miles; $f at 10 
miles; and 1%b at 14 miles. At Netley the average pressure is a little over 
4ib per square foot. 

In some systems of ventilation the perflating power of the wind has been 
used as the chief motive agent. In Egypt the wind is allowed to blow in at 
the top of the house through large funnels. This plan has been in use from 
time immemorial, This was the case in Mr Sylvester's plan, which was used 
at Derby and Leicester forty or fifty years ago. A large cowl, turning towards 
the wind, was placed in a covenient spot near the building to bo ventilated— 
a little above the ground if in the country, or at some height if in a town. 
The wind blowing down the cowl passed through an under-ground channel to 
the basement of the house, and entered a chamber in which was a so-called 
cockle-stove, or calorifere of metal plates, or water or steam pipes, by which 
the air was warmed. It then ascended through tubes into the rooms above, 
aud passed out by a tube or tubes in the roof, which wore covered by cowls 
tuming from the wind. So that the aspiratory power of the air was also 
used. This plan is extremely economical, but the movement of the air 1s 
unequal, and it is difficult to regulate it. It has been proposed to place a fan 
in the tunnel to move the air in periods of calm, and the plan then becomes 
identical in principle, and almost in detail, with the method of Van Hecke. 

Mr Ritchie* has employed a similar plan in the ventilation of a dwelling- 
house. The air is warmed in winter to about 70° Fahr.; every room has a 
longitudinal opening over each door, concealed by the architrave, and regulated 
by valves, and through this the warm air from the staircase enters the rooms, 
and then passes up the chimney, and up outlet air—flues placed in the walls, 
commencing at the ceiling, and ending at the wall-heads under the roof. 


* Treatise on Ventilation, by Robert Ritchie, C.E., 1862, p. 80. 
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"Dr Arnott ventilated the Field Lane Ragged School on this principle with 
excellent ‘effect, as is shown by the annexed cut. In this case, as in all 
athers,-the movement.is aleo in part carried on by the third cause of motion 
a eon ners in ait, viz. the effect of unequal 
=) density of masses of air. . 

: In the ventilation of ships, the 
wind is constantly used; and by 
wind-sails and tubes with cowls 


a ~—<« _‘ turning towards the wind, air is 
at driven between decks and into the 
| hold. 


In using the wind in this way, 
the difficulty is to distribute the air 
go that it shall not cause draughts. 
| This is best done by bending the 
tubes at right angles two or three 
times, so as to lessen the velocity, 
by enlarging the channel towards 
the opening in the interior of the 
vessel, and by placing valves to par- 
tially close the tubes, if necessary, 
and by screens of wire-gauze. * 

In all cases in which the air of a room, as in a basement story, or in the hold 
of a ship perhaps, is likely to be colder than the external air, and when artificial 
means of ventilation cannot be employed, the wind should be taken advantage 
of as motive agent. 

The aspiratory power of the wind can be sccured by covering air-shafts with 
movable cowls turning from the wind, and special forms of covering hereafter 
described, which aid up currents and prevent down draughts. 





Fig. 11. 


3. MOVEMENTS PRODUCED BY UNEQUAL WEIGHTS OF AIR. 


The wind itself is caused by this power ; but it is necessary, in discussing 
ventilation, to look upon this as if if were an independent force. If the air 
in a room be heated by fire, or the presence of men or animals, or be made 
moister, it endeavours to expand ; and if there be any means for it to escape, 
a, portion of it will do so, and that which remains will be lighter than an 
equal bulk of the colder air outside. The outer air will then rush into the 
room by every orifice, until the equality of weight outside and inside is re- 
established. But as the fresh air which comes in is in its turn heated, the 
movement is kept up in a constant stream, cold air entering by one set of 
orifices, and hot air escaping by another. 

We have now to inquire how the rate of this constant stream of air may be 
ealculated.t The mode most generally used is based on two well-known 
laws: first, that the velocity in feet per second of falling bodies is equal to 
(nearly) 8 times the square root of the height through which they have fallen ; 








* As the use of perforated zinc plates and of wire-gauze is very common in ventilation, it is 
necessary to bear in mind that these screens very soon get clogged with dirt. In all cases they 
should be so arranged as to be easily inspected and cleaned ; and it should be a matter of routine 
duty to gee that they are constantly kept clean. It should also be understood that the delay by 
friction ‘hrough the fine wilre-gauze is exceedingly great. I believe it is better to avoid their 
use as much as possible. 

+ Many of these points are given in Hood’s Treatise on Warming and Ventilation, and in 
BN sy (Principien der Vent. und va ee and are also discussed in Péclet (Traité de la 
Chaleur, 8d edit.), and by General Morin (Etudes sur la Ventilation, Baris, 1863, 1. ii.), to 
which reference is made for those who wish to enter into the mathematical part of the inquiry. 
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and, second, that finida -pass through an orifice in .a partition with a veloci 
equal to that whieh 4 body would attain in falling through a height ie 
the difference in depth of the finid on the two sides of the partition*® Tho 
pressure of aix upon eny surface may be re ted by the weight of a colunm 
of air of uniform density of a certain height. Thus the pressure of the atmo- 
sphere’ at the surface of the earth is nearly 15% on the square inch, and this 
would be the weight of a column of air of about 5 miles in height. Air, 
therefore, rushes into a vacuum with a velocity equal to that which a heavy 
body would acquire in falling from a height of 5 miles, viz. 1304 feet per 
second. But if, instead of rushing into a vacuum, it rush into a chamber in 
which the air has less pressure than outside, its velocity will be that due to a 
height which represents the difference of pressure outside and inside. In 
ordinary cases this difference of pressure cannot be Obtained by direct observa- 
tion, but must be inferred from the difference of temperature of the outer and 
inner air. Air is dilated one part in 491 of its volume for every degree of 
Fahrenheit that its temperature is raised, consequently the difference of pressure 
outside and inside will be as follows :— 

The height from the aperture at which air enters to that from which it 
escapes, multiplied by the difference of temperature between outside and inside, 
and divided by 491. 

If the height be 20 feet, and the difference of temperature 15 degrees, we 

20 x 15 


have the height to produce velocity of inflowing current = Fg, = 61 of 


a foot, and the velocity =8 ,/°61=8 x ‘781=6°248. This, however, is tho 
theoretical velocity. In practice an allowance must be made for friction 
of 4, 4, or even 4, according to circumstances. The diminution of velocity 
from friction is in proportion to the length of the tube, and is inversely as the 
diameter. Right angles greatly increase the friction.+ The friction increases 
also as the square of the velocity. The deduction of 4th would leave 4°686 
linear feet per second as the actual velocity. If this be multiplied by the 
area of the opening, in feet, or decimals of a foot,f the amount of air 1s ex- 
pressed in cubic feet per second, and multiplying by 60 will give the amount 
per minute. 

A table is given at page 178, in which this calculation has been made for 
all probable temperatures and heights; but it must be remembered that the 
movement is greatly influenced by the wind. 

This cause of movement is, of course, constantly acting when the tempera- 
ture of the air changes. It will alone suffice to ventilate all rooms in which 
the air is hotter than the external air, but will not answer when the air to be 
changed is equal in temperature to, or colder than, the external air. 

As its action is equable, imperceptible, and continuous, it is the most useful 
agency in natural ventilation in cold climates, in inhabited and warm rooms ; 
and in all habitations arrangements should be made to allow it to act. As 
the action increases with the difference of temperature, it is most powerful in 
Winter, when rooms are artificially warmed, and is least so, or is quite arrested 


* This is frequently called the Rule of Montgolfier, The formula is v=V2gH; g being 
ee acceleration of velocity in each second, of time, viz., 32°18 feet, and H the height of the 
escent. 


1 : 
+ The friction caused by angles is probably nearly in the propértien of i+sin2 0 where @ is 


the angle in the tube ; by this formula right angles would cause a loss of one-half the velocity. 
+ It will be found always easier to take the area in decimals of a foot instead of inches ; ery 

rf + ee in inghes, multiply the linear discharge by the number of square inches, an 
vide by 144, 
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“jn summer, or in: hot climates, when the internal and external temperatures 
are identical. | 


4, PRACTICAL APPLICATION OF THE GENERAL STATEMENTS OF NATURAL 
VENTILATION. * 


1. No particular arrangements are necessary to allow diffusion to act, except 
that there shall be communication between two atmospheres. 

2. To obtain the perflation of the wind, windows should be placed, in all 
cases where it can be managed, at opposite sides of aroom. The windows should 
open at the top, and in case the wind has a high velocity, means should be 
taken to distribute it. This can be done by sloping the window inwards 
when it opens, or a board may be placed obliquely upwards from the top sash 
of the window, when it opens in the usual way ; then the air striking against 
the board is thrown up towards the ceiling. Or, wire-gauze may cover the 
space left when the window is open. The velocity of the wind is checked by 
the gauze, and the current is minutely divided. 

Various plans have been proposed by different persons. The panes of glass 
may be made double, spaces being left at the bottum of the outside pane, and 
at the zop of the inner one, so that the wind is obliged to pass up between 
the two panes before it enters the room. Or, the lower sash being raised, 
and a piece of wood placed below it, the air is iallowed to pass through the 
space left between the upper and lower sashes. Or, glass louvres, which can 
be more or less closed, are placed in one of the panes of the window; ora 
number of holes are obliquely bored through the panes, through which the 
air may pass up towards the ceiling before it intermixes with the air of the 
room. In Lockhcad’s ventilator there is a frame over the glass louvre, with 
a regulator in the centre. In Cooper’s ventilator a movable plate of glass can 
be brought by a movable handle over the opening. 

Stallard has proposed to ventilate workshops and factories by having a 
double ceiling; the lower ceiling is to be made of zinc or oiled paper, per- 
forated with very numerous small holes; and the space between the two 
ceilings is to be freely open to the air on all sides ; thus there would be almost 
open-air breathing, as the communication with the external air would be con- 
stant and at all parts of the room 

Mr Potts’ proposes a double cornice, perforated through two sets of holes ; 
the upper holes are connected by means of the upper tube of the cornice with 
the chimney, the lower with the outside air ; the fresh air is supposed to entcr 
the room, flow down the walls, and be generally diffused, while the vitiated 
air rises to the top, and passes off through the upper holes. It is believed in 
this way that continual movement and good distribution are secured. I havo 
not seen the results of any systematic inquiry, but the plan has been well 
spoken of by some engineers. 

Besides windows, special openings may be provided for the wind to blow 
through, as in the plans already referred to of Mr Sylvester and Dr Arnott. 

In all warm climates, where no chill can be produced by wind, it is a good 
plan to make the walls entirely pervious. Nothing can be better than the 
ventilation of the bamboo matted houses in Burmah. The wind blows 
through them, but is so broken up into currents that it is not in the least 
unpleasant. Even in colder parts of India, the upper parts of the walls might 
be made thus pervious, provision being made to cover them, if necessary, in 
the cold season. 


* A very account of the various plans in natural ventilation will be found in Mr 
gir work, ‘‘ Qn the Ventilation of Dwelling-houses,” 1868, in whiclefigures of the plans 
are given. ; 
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To obtain the full effect of the aspirating power of the wi 
ventilating tubes should be fitted with cowis taming sea rth rl 
The cowl should be large, and should expand greatly towards the ae 
to make the calibre of the opening several times greater than that of the ae 
(fig. 13). Most cowls on chimneys are too small. The upper rim should ais 
project a little, so as to lessen the chance of rain getting in. 

Another form of covering is represented in fig. 12, and is also drawn in 
section (fig. 14). Whichever way the wind blows it almost always causes an 
up-draught. A little rain, however, may possibly penetrate, but otherwise it 





Fig. 18. 











Fig. 12. Fig. 15. 


is as good as the cowl. Dr Macdonald’s twin-fan ventilator may be used also 
(see fig. 21, page 164). 

Louvred openings are not nearly so good ; the aspirating effect is much leas, 
down-draughts are common, and rain gets in. If louvres are used, a plan 
invented by Mr Ritchie is a good one.* Inside the louvre is a movable 
cylinder, turning with a vane; on the side opposite the wind is an opening 
through which. the air escapes (fig. 15). 

3. The movement produced by the difference of weight of unequally heated 
bodies of air will, of course, go on through open windows and doors, and 
through all the contrivances just mentioned. But asin cold climates windows 
and doors must sometimes be shut, no room of any kind should be without 





* Peclet (op. cit. tei, p. 241) figures variety of chimney coverings, and many others have 
been propose 
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additional openings, which may permit this movement from unequal tempera- 
ture to goon. The great difficulty here is to exclude the action of the wind ; 
and, in fact, it is impossible to do so; but, as far as possible, the openings 
should be protected from the perflating influence of the wind, so that only its 
aspirating force should be acting. They should be capable of being lessened 
in size, when the difference of the external and internal temperatures is great. 
As long as there are openings, movement will go on; and it does not really 
matter, as long as there is proper distribution, where the air comes in or goes 
out, or whether its direction is constant. In fact, it scarcely ever is constant, 
so liable is the direction to be altered by winds, by the action of the sun 
heating one side of a room, by the unequal distribution of heat in the room, 
&c. Still it seems desirable, as far as it can be done, to make such arrange- 
ments as shall give the movement of air a certain direction ; and therefore, in 
most systems, some of the openings are intended for the admission of fresh 
air; and are called inlet, entrance, or adduction openings ; others are intended 
for the discharge of impure air—and are termed exit, outlet, or abduction 
openings. 

Total size of all the special openings, whether intended for Inlets or Outlets.— 
As the movement of air increases with temperature, the size of the apertures 
can only be fixed for a certain given temperature ; and as the efflux of hot air 
increases with the height of the column (supposing the temperature is equal 
throughout), a different size has also to be fixed for different heights. 

This causes a difficulty in fixing the proper size for ventilating openings in 
the case of natural ventilation, as the conditions are so variable. The 
theoretical size for any required change of air, supposing the conditions were 
constant, may be obtained from the table at page 178, which is calculated 
from Montgolfier’s formula, with a deduction of } for friction. 

Thus, say that the height of the heated column is 20 feet, and the difference 
of temperature between the air in the room and that outside is 20°, the linear 
rate of discharge as stated by the table (allowance being made for friction) is 
322 feet per minute, or 19,320 feet per hour. If the opening were 1 square 
foot, this would give 19,320 cubic feet per hour. But if 3000 cubic feet per 
hour are wanted for one man, the orifice of 1 square foot or 144 square inches 
is too large, and must be lessened in the proportion of 3000 to 19,320, 


sa = 22 square inches (round numbers), ¢.¢, reduced to 22 square 
? 

inches. There must be a corresponding space for entry, making the total 
ventilating opening 44 square inches, 

To take another example; let us say the heated column is 15 feet, the 
difference of temperature 10°, and the required supply for one man 2000 
cubic feet, The table gives the linear rate as 197 feet per minute, or 11,820 
per hour; an orifice of 144 square inches would then give 11,820, and an 


orifice of 24 square inches would give 2000, so = 24 ). But 
9 


if in the above conditions 3000 cubic feet hourly supply were wanted, the 
opening must be 36 square inches, These examples show how impossible 
it is to fix any size which shall meet all conditions, even if the influence of 
wind could be completely excluded, which is impossible. The only way is 
to adopt a size which will meet most cases, and supply means of altering the 
size according to circumstances. In this country, a size of 24 square inches 
per head for inlet, and the same for outlet, seems calculated to meet common 
conditions ; but arrangements should be made for enabling this to be lessened 
or closed in very cold weather, or if the influence of strong winds is too 
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much felt.* Moreover, the size must be in part dependent on the size of the 
room, because in a small room with many people it is impossible to have the 
size so great as it would be if each person’s space were 48 square inches, unless 
some portion of the air were warmed. . 

Relative size of the Inlete and Outlets.—It is commonly stated that, as the 
heated air expanda, the outlets should be larger than the inlets, and the great 
disproportions of 5 to 4and 10 to 9 have been given. As, however, the 
average difference of temperature is only about 10° to 15° Fahr. in this 
country, the disproportion is much too great, as a cubic foot of air only 
expands to 1020361 cubic feet with an increase of 10°. Even if the 
difference is 30° Fahr., a cubic foot of air only becomes 1:061 cubic feet, 
which is equal to an increase of about th. The difference is so slight that 
it may be neglected, and the inlets and outlets can be made of the same size. 

It is desirable to make each individual inlet opening not larger than 48 to 
60 square inches in area, or enough for two or three men; and to make the 
outlet not more than one square foot, or enough for six men. Distribution is 
more certain with these small openings. It must, however, be borne in mind, 
that if a calculation is made for a single opening of a certain size, dividing it 
into a number of smaller openings causes a great loss by increasing the friction. 
This loss is in the ratio of the square roots of the respective areas. Propor- 
tionate allowance must of course be made. ft 

Position and Desertption of the Inlet and Outlet Tubes.—1. Inlets,—The 
air must be taken from a pure source, and there must be no chance of any 
effluvia passing in. Asa rule, the inlet tubes should be short, and so made 
as to be easily cleaned, otherwise dirt lodges, and the air becomes impure. 
Inlets should not be largo and single, but rather numerous and small (from 48 
to 60 inches superficial), so that the air may be properly distributed. They 
should be conical or trumpet-shaped where they enter the room, as the entering 
air, after perhaps a slight contraction, spreads out fan-like, and a slight back- 
current from the room down the sides of the funnel facilifates the mixing of 


* The followirig formula proposed by Dr de Chaumont can be used instead of the table at page 
178. No correction is made for friction, and therefore the sizes should be increased in the pro- 
portion of 3 to 4 if the outlets arelong. It is based on Montgolfier’s formula, with the discharge 
cope ie the hour and for square inches, instead of for the minute and the linear discharge, 
as in the table, 

Let & be the height of the heated column of air; ¢ its temperature; ¢ the tem 
of the external air; °002 the ratio of expansion of air for each aaxtea of Fahr. ; and Oc con 
stant. Let D be the delivery required per hour, and ® the total inlet and outlet area in 
square inches. Then to find @: 

D 


100 (V A (t—€) x 200) 
Example : Suppose, as in the text, that the heated column be 20 feet, its mean tem 
65°, aad that o the outer air 45°, and the required delivery be 3000 cubic per hour ; a 


ss 8000 $3°5 

100 (7 20 (65° — 45°) x 002) 
square inches for inlet or outlet, or 16°75 for inlet alone. Increasing this on th i 
that a quarter of the velocity is destroyed by passage through a long tube, the ates oft alee 
opening will be 22 square inches (round numbers). 


A converse formula by Dr de Chaumont may be also useful. If the area of the i 
(®’) is known, to find the delivery per hour under conditions A, ¢, and f, ome penne 


200 (Wh (f= 7) x 002) & = D, 
The constant 200 is obtained by multiplying 3600 (seconds per hour) by twice the square root 
of 16°09 (= 8 nearly), and dividing by 144 square inches, halving thi hi 
number for both intet and outlet together. : ee aed eee te 
+ Thus if we divide an opening into four parts, we shall'get only one-half as much air through 


the four openings as we got through the single o -'go that to get th t with 
division, enh cert mitst Bs equal to half the crighal eat Sy encersse 


Vs) 
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the entering air with that of the room. To ‘essen the risk of immediate 
down-draught they should turn upwards, if they are placed above the heads 
of the persons, Externally the inlets should be partly protected from the 
wind ; otherwise the wind blows through them too rapidly, and, if the current 
be strong, draughts are felt; an overhanging shelf or hood outside will 
answer pretty well. Valves must be provided to partially close the openings 
if the wind blows in too strongly, or if the change of air is too rapid in cold 
weather. If covered with wire-gauze, it must be frequently cleaned. 

Sometimes an inlet tube must be carried some distance to an inner room, 
or to the opposite side of a large room which is unprovided with cross-ventila- 
tion. In this case the heat of the room so warms the tube that the wind 
may be permitted to blow through it. 

The position of the inlets is a matter of some difficulty. If there are 
several, they should be, of course, equally distributed through the room, so 
as to insure proper mixing of the air. They should not, however, be placed 
too near an outlet, or the fresh air may at once escape; theoretically, their 
proper place of entrance is at the bottom of the room, but if so, the air must 
in this climate be warmed; no person can bear the cold air flowing to and 
chilling the fect. The air can be warmed casily in various ways, viz :— 

(a.) The air may pass through boxes containing coils of hot-water pipes, 
or (in factories) of steam pipes. This is the best mode of warming. The 
coils may be close to the outside wall, or in the centre, or in hospitals in boxes 
under the beds, communicating with the exterior air, and opening into 
the ward. 

(b.) The air may pass into air-chambers behind or round grates and stoves, 
and be there warmed, as in the present barrack and hospital grate, contrived 
by Captain Galton ; or as in the Meissner or Bohm stoves of Germany ;* or 
as in the terra cotta stove, in the Herbert Hospital at Woolwich. (See 
‘WARMING. ) 

If the air cannot be warmed, it must not be admitted at the bottom of the 
room ; it must be let in above, about 9 or 10 feet from the floor, and be 
directed towards the ceiling, so that it may pass up and then fall and mix 
gradually with the airoftheroom. The Barrack Commissioners have adopted 
this plan with half the fresh air brought into a barrack-room. The other 
half is warmed. It answers very well. 

In towns or manufacturing districts the air is so loaded with particles of 
coal, or, it may be, other powders, that it must be filtered. Nothing answers 
better for this than muslin or thin porous fignnel, or paperhangers’ canvas, 
spread over the opening, which then should be made larger. This covering 
can be moistened if the incoming air be too dry. 

The tubes proposed by Mr Tobin of Leeds provide for the introduction of 
air from the outside at the floor level and then up a vertical tube, about 4 feet in 
height ; this gives a vertical direction to the current, which is retained for 
several feet further before it begins to spread and descend. The action of such 
a tube is, of course, much affected by the direction of the wind, and in some 
instances it is reversed altogether. The method is, however, useful in some 
cases, particularly for introducing air into places which could only be reached 
with difficulty by other means. It has been tried on a large scale at St 
Mary's Hospital, Paddington, with fair success.| In some forms (as made by 
the Sanitary Engineering Company), there is an arrangement for washing the air 





* The Germans appear to be now making great use of these ventilating stoves in hospitals 
and even in private houses. For a good account, see Roth and Lex, 1. c, n. me 
+ See Dr de Chaumont’s Report op. cet. * a alas 
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and arresfing impurities, . A somewhat similar vertical tube is. advert; 
i illitoe and Shortland of Manchester. A modification Zor badrooy 
and other rooms in 1 phe houses is : 







suggested by Mr Tobin, viz, to. ee 
a out ita between the sashes of ae — 
the windows, so that the air enters J Foe 
vertically, even when the window is Pa = =< ~\ aati 
shut. This is similar in principle ha rN 






to other modifications of window (ofa s\n 
ventilation already referred to, but | 

it is only adapted for comparatively 

gmall rooms, and is quite inappli- . 
cable to a hospital ward or the like. 

9. Outlets.—The place for the 
outlets is a most important con- 
sideration, as it will determine in 
creat measure the position of the 
inlets. If there are no means of 
heating the air passing through 
them, they should be at the tep of 
‘ the room; if there are means of 
heating them, they may be at any 
point. If not artificially warmed, 
the highest outlet tube is usually 
the point of greatest discharge, and 
sometimes the only one. 

(a) Outlet Tubes without Artifi- 
cial Heat.—They should be placed “= 
at the highest point of the room ; 
should be inclosed as far as possi- 
ble within walls, so as to prevent ae 
the air being cooled; should be Fig. 16.—Vertical inlet tube. 
straight and with perfectly smooth 
internal surfaces, so that friction may be reduced to a minimum. In 
shape they may be round or square, and they must be covered above with. 
some apparatus (the cowl, hexagon tube, &c.), which may aid the aspirating 
power of the wind, and prevent the passage of rain into the shaft. The louvred 
openings are not the best. 

The causes of down-draught and duwn-gusts in outlet tubes are these, the 
wind forces down the air ; rain gets in, and, by evaporation, so cools the air 
that it becomes heavier than the air in the room; or the air becomes too much 
cooled by passage through an exposed tube, so that it cannot overcome the 
weight of the superincumbent atmosphere ; or another outlet shaft, with greater 
discharge, reverses the current. . 

Arrangements should be made to distribute the down-draught, if it occurs ; 
flanges placed at some little distance below, so as to throw the air upwards 
again before it mixes with the air of the room, or simple contrivances of a similar 
kind, may be used. Valves should be also fixed to lessen the area of the out- 
let when necessary. If there are several outlet tubes in a room, all should 
commence at the same distance from the floor, be of the same height (or the 
discharge will be unequal), and have the same exposure to sun and wind. — 

Simple ridge openings may be used in one-storied buildings with slanting 
roofs ; they ventilgte most thoroughly, but snow sometimes drifts in. Rain, 
may be prevented entering by carrying down the sides of the overhanging 


de ate Se eae SR A Se 


ee a ee ae ae a SP 


162 | ROTTLATION, 


ridge for epme little distencea. A flange placed some little distance below will 
throw any down-draught towards the walle. 

(b) Outlets with Artificial Warmth.—The discharge of outlets is much more 
certain and constant if the air can be warmed. The chimney with open fire is 
an excellent ontlet—so good that in dwelling-houses, if there are proper inlets, 
no other outlet need be made. When rooms are large, and more crowded, 
other outlets are necessary ; the heat of the fire may be farther utilised by 
shafts round the chimney, opening at the top of the room, or, in other words, 
by surrounding the smoke-flue with foul-air shafte. 

Gas, if used, should in all cases be made to warm an outlet tube, both to 
carry off the products of combustion, and to utilise its heat. The best arrange- 
ment appears to be to place over the gas-jet a pipe to carry off the products of 
combustion, and to case fhe pipe itself with a tube, the opening of which is 
at the ceiling; the tube carrying off the gas products is hot enough to cause a 
very considerable draught in its casing, and thus two outlet currents are in 
action, one over the gas, and one from the ceiling round the gas-tube. A 
modification of the lamp proposed in 1846 by Mr Rutter answers very well, 
and is now coming into use, as arranged by Mr Ricketts. 

In various other ways the heat of fire and lights may be taken advantage of. 

There will be seldom any difficulty in arranging the inlets and outlets, and 
in obtaining a satisfactory result, if these principles are born in mind, viz, to 
have the fresh air pure, to distribute it properly, and to adopt every means of 
securing the outlets from cold or of artificially warming them, and of distribut- 
ing the air, which, in spite of all precautions, will occasionally pass down them. 

In hot climates, when outlet shafts are run up above the general level of 
the building, it would be of advantage to make them of brick work, and to 
colour them black, so that they may absorb and retain heat. 


5, PLANS OF TUBES AND SHAFTS WHICH HAVE BEEN PROPOSED, 


In most of the plans which have been proposed, the inventors have not dis- 
tinctly seen that the influence of the winds and of the movement of air pro- 
duced by unequal temperatures must be carefully distinguished, and, as far as 
can be done, provided for. 

1. Openings at once to the Outer Air for Inlets, the Chimney being relied on 
for the Outlets or Special Tubes fixed in.—Perforated or air bricks are let into 
the walls. A usual size is 9 x 3 inches, and the united area of all the several 
openings in one brick is about 11} square inches. Another common size is 
10 x 6 inches, with an open area of about 24 square inches. The wind blows 
freely through them, and draughts are produced. 

The Sheringham valve is a great improvement on this; the air passes 
through a perforated brick or iron plate, and is then directed upwards by a 
valved opening, which can be closed, if necessary, 
by a balanced weight (fig. 17). The size of.the in- 
ternal opening is, in the usual-sized-valve, 9 inches 
by 3, and the area is 27 inches. These valves are 
usually placed towards the upper part of the room. 
The wind blows through them, and the movement 
is therefore variable. They are often outlets; it 

Fig. 17. will, in fact, depend upon circumstances whether 

they are inlets or outleta. Very little draught is, 

however, caused by them, unless with @ high wind ; on the whole, they are 
the best inlets of this kind, 

An open iron frame of the size of a brick, covered with perforated zinc, and 
with a valve to close it, if necessary, is e till simpler plan, and ¢he air is pretty 
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well distributed. The gauze should be cleaned frequent] 

don uses a round plate working on a screw, which - aby Mr Boyle of Lon. 
can he brought nearer or farther from a correspond- 
ing opening in the wall ; the air entering strikes on 
the plate, and then spreads circularly over the wall, 
and is then drawn gently into the room. Some 
ingenious forms of inlet and outlet have also been 
introduced by Mr Richard Weaver, C.E. 

2. Tubes of Different Kinds.—A single tuhe 

has been sometimes used for inlet and outlet, a 
double current being established. This is, how- 
ever, a rude plan, as there are no means of dis- 
tributing the air, and as the intermingling of the ~ 
current and the friction of the meeting air is 
sometimes so great as to impede, or even for a 
time stop, the movement,* To avoid these incon- Fig. 18. , 
veniences, Watson proposed to place a partition in the tube (fig. 18), and 
Muir suggested the use of a double partition running from corner to corner, 
so as to make four tubes. He covered his . 

divided tube with a louvre, so as to make lan 

use in some degree of the aspiratory power of 
the wind on one side. 

In these tubes, accidental circumstances, 
such as the sun’s rays on one side, the wind, 
the fire in the room, &c., will determine 
which is outlet and which is inlet. They are 
so far better than the single tube, that the par- | wwe 
tition divides the currents and prevents fric- Www) UWS 
tion, but there is the same irregular action and \ 
changing of currents from accidental circum- ‘ 
stances, so that the direction of the currents \ 
and their rate are variable. The distribution \ 
of the entering air is also not good. \ 

Much better than these plans is M‘Kinnell’s 
circular tube. It consists of two cylinders, one 
encircling the other, the area of the inner tube 
and encircling ring being equal. The inner one is the outlet tube ; it is go be- 
cause the casing of the other tube maintains the ~ 
temperature of the air in it; and it is also always 
made rather higher than the other; above it is 
protected by a hood, but if it had a cowl turning 
away from the wind it would be better. The 
outer cylinder or ring is the inlet tube; the air is 
taken at a lower level than the top of the outlet 
tube; when it enters the room, it is thrown up 
towards the ceiling, and then to the walls by a 
flange placed on the bottom of the inner tube; && 
the air then passes from the walls along the floor KY 
towards the centre of the room, and upwards to & 
the outlet shaft. (Figs. 19 and 20.) Both tubes 
can be closed by valves. If there is a fire in the ® 
room, both tubes may become inlets; to prevent Fig. 20. 


* The model of Watson's ventilating tube is well adapted for showing how opposing currents 








Fig, 19, 
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this the outlet tube- should be closed; if doors and windows are open, both 
tubes become outlets. 

The movement of air by this plan is imperceptible, or almost so; it is an 
admirable mode for square or round rooms, or small churches ; for very long 
rooms it is less adapted. 

The tube is made of all sizes, from 6 inches in diameter, which is adapted 
for a sitting-room, up to 7 or 8 feet, which is the size used in some churches. 
The two tubes, after passing out of the room, may be taken in different 
directions, care being taken that the inner tube is always the longest, and, if 
possible, with the fewest curves. , 

If the two tubes can be kept together for some distance, an advantage 
would perhaps be gained, as the hot “air would transmit a portion of its heat 
to the air in the outer tube, which would enter the room at a higher tempera- 
ture than would otherwise be the case; some loss of movement would result, 
but this would be trifling. | 
_ Dr J. D. Macdonald R.N., F.R.S., has proposed an ingenious form of 
ventilator, something on M‘Kinnell’s principle, 
but with a modification of arrangement, intended 
to facilitate the movement of air. The tube may 
be divided, either by having one tube within 
another (as in M‘Kinnell’s) or by a septum, as 
shown in fig. 21. A fanin the upper part of the 
tube determines the course of the current always in 
the same direction, and this fan is driven by the 
action of the wind upon another motile fan on 
the top of the tube, which may be left free, or 
covered with a self-adjusting cover, as in the figure. 
One advantage of this arrangement is that no 
reflux current is possible, and no rain can get down 
the tube. 

Dr Arnott’s chimney ventilator is a valved open- 
ing at the top of the room, leading at once into the 
chimney, and, like Dr Chowne’s siphon, has the 
great advantage of drawing the air from the top 
of the room; it has been, and is, much used, but: 
has the inconvenience of occasionally allowing the 
reflux of smoke. 

Mr Boyle has altered this chimney ventilator 
by hanging small talc plates at a certain angle ; 
falling by their own weight, they close the open- 
ing and prevent reflux, but a very slight pressure’ 
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Fig. 21.* 


from without opens them. 
Of these various plans, M‘Kinnell’s or Macdonald’s should be chosen, if the: 
air must be admitted at the top of the room ; and they are well adapted for 
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of alr block each other. Although the tube is of good size, a candle placed in a bell glass, into 
the top of which the tube is fixed, soon goes out ; a partition being then inserted into the tube, 
the currents are at once divided—one passes up, one down, the sides of the tube, and the candle 
burns again. 

*1 Motile fan. 2. iratory fan. 98. Self-adjusting cap, a closed quarter of ditto, 6 
transverse vane. 4. Spindle or axis. 5. Socket for lever point (upper socket not shown). 
6. Iron frame work carrying upper socket, &c. 7. Conical band forming the upper outlet 
round the circular plate bearing the fans. 8, The main shaft. 9. Circular hood protecting’ 
10. The aperture of ingress. 11. Middle si ge septum aieaing the main shaft into 
two equal parts. 12. Central ingress tube. 13, Expansion of do. 14. Grating to regulate 
the entering air. 15. Lower aperture of ingress (circumferential). 1@ Upper outlet tube. 
16, Upper aperture of egress (central). 
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guard-rodms, cells, and roonis of small dimensions, when it is desired to 
have the ventilating apparatus out of reach. Watson’s divided tube can also 
be used, but is less useful than the others, 


System of Ventilation Adopted in the Army. 


On Home Service.—The official plan now in use was arranged about 18 
years ago by the Barrack Improvement Commission ; it is applied in most of 
the new barracks, and in several old ones. It has answered extremely well, 
and it is much to be desired that it should be carried out everywhere. It is 
based on the plan of natural ventilation, and consists of—~ 

1. An outlet shaft, or more if required, proceeding from the highest point 
of the room ; the exact position in the room varies; it is sometimes at the 
corner, or at one side, according to circumstances. This shaft is carried straight 
up inside the wall, and about 4 to 6 feet above the roof, and is covered with 
a louvre. It is made of wood, is very smooth inside, and is provided with a 
flap for partly closing it below. Its size is regulated by that of the room and 
by the number of inmates, but it is not made larger than I square foot; if 
more outlet is required, another shaft is put up. The relation between its 
size and that of the room varies with the position of the room. In a three- 
storied barrack the rule is as follows :— 


1. On the ground floor, 1 square inch of section area of outlet shaft for 
every 60 cubic feet of room space, or for each man 10 square inches of 
' area. 
2. On the first floor, 1 square inch for every 55 cubic feet of room space, 
or for each man 10°9 (say 11) square inches. 
3. On the second floor, 1 square inch for every 50 cubic feet of room space, 
or for each man 12 square inches. 


In a one-storied barrack the amount should be the same as the second floor, 
or, in other words, 12 men would have ashaft of 1 squarefoot. In addition, 
there is the chimney, which, with Galton’s stove, gives a section area per head 
of about 6 square inches. The total outlet area per man is therefore 16 to 18 
inches, according to circumstances. 

2. Inlets.—The aniount of inlet is a trifle more than 1 square inch to every 
60 cubic feet of room. 

Half the inlet air is warmed in all the new barracks and many old barracks 
by being taken through air-chambers behind the fire (area of tube =6 square 
inches per head), and the other half comes 
direct from the outer air into the rooms 
through Sheringham valves. Area of outer 
opening = 5 square inches, making altogether : 
11 square inches of inlet opening per man. Wah 

The cold air inlets (Sheringham valves) . 
are placed at the sides near the ceiling, about 
9 feet from the floor, and are not opposite 
each other. Fig. 22 shows a usual arrange- 
ment. The outlet space is thus seen to be 
rather larger than the inlet, but as the doors 
and windows seldom fit close, it is probable 
that practically this is of little consequence. 

The movement of air through these open- 
ings is tolerably regular—as regular as it 


pends 
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Fig 22. 


ever can be ingnatural ventilation. The discharge of air through the 
chimney and outlet shaft averages about 1200 cubic feet per head per hour, 
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with a rarigé from 700 to 1500 6¢ 1600, according to the atnount of fire, the 
warmth of the room, and the movement of the external air. The usual upward 
current through the outlet shafts at night, is from 3 to 5 feet per second. 
Sometimes the chimney and outlet a little counteract each other; a strong 
chimney draught may stop the current in the outlet shaft, but there is seldom 
any down-draught unless rain beats into the louvre and trickles down the in- 
side of the shaft. The ventilation of barracks has been wonderfully improved 
by this plan, and the average carbonic acid ranges from ‘7 to 1 per 1000 
volumes, according to the rapidity of movement of the air: 

The hospital system is precisely the same, except that the dimensions are 
nearly doubled. 

Mediterranean Stations.—The same system is directed to be carried out 
whenever practicable at Malta and Gibraltar, only the size of the inlets and 
outlets are trebled ; for example, there is 1 square inch of outlet for every 20 
cubic feet of space instead of 60 as at home ; great care is ordered to be taken 
to remove all outside obstacles to the movement of the wind. 

The Tropics and India.—The same system in principle is now directed to 
be used in India. 


SECTION III. 
ARTIFICIAL VENTILATION. 


Artificial ventilation is accomplished in two ways; either the air is drawn 
out of a building or room (the method by extraction), or it is driven in, s0 as 
to force out the air already in the room (the method by propulsion). 


Sus-Szcrion 1.—VENTILATION BY EXTRACTION. 


This is produced by the application of heat, so as to cause an upward current, 
or by the steam jet, or by a fan or screw, which draws out the air. 

1. Extraction by Heat.—The common chimney is a well known example 
of this. There is aconstant current up the chimney, when the fire is burning, 
in proportion to the size of the fire and of the chimney. The usual current 
up a common sitting-room chimney, with a fair fire, is, as measured by an 
anemometer, from 3 to 6 feet per second. A very large fire will bring it up 
to § or 9 feet. The movement caused by a kitchen or furnace fire is, of 
course, greater than this. If the area of the section where the anemometer 
is placed be known, the discharge can be stated in cubic feet. 

When the air enters equably, and is well distributed, the movement of air 
is from the inlets gently towards the fire-place; there is also suid to be a 
movement, from above the fire-place, along the ceiling and down the walls, 
and then along the floor to the chimney. (Reid and Stewart, quoted by the 
Barrack Commissioners.) 

In the wards of Fort Pitt the current, with a good fire, is about 3} to 44 
feet per second ; and as the section area of the throat is ‘5 square foot, the 
average discharge is about 7200 cubic feet per hour. In the barracks of 
Chatham, Dr Fyffe found the discharge by the chimney to be 9080 cubic feet 
per hour (average of six observations). In the barracks at Gravesend, Messrs 
Hewlett, Stanley, and Reid found the discharge to be 6120 cubic feet per 
hour (average of twenty observations). At Chelsea New Barracks, with a 
fire alight but low, the velocity was 14°6 per second, or 21,038 cubic feet per 
hour ; and, with the fire out, 11-9 per second, or 17,088 per hour.* In the 


* Dr F. de Chanmont’s Reports, Army Med. Reports, vol. ix. y 
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experments of the Barrack Commissioners,* the chimney discharge ranged from 
5300 to 16,000 cubic feet per hour, the mean of bvenke ive experiments being 
9904 cubic feet. Even in summer, without a fire, there is generally a good 
wp-current.t It may be then concluded that, with an ordinary fire, a chimney 
gives a discharge sufficient for four or five persons. If, then, more than this 
number of persons habitually live in the room, another outlet must be provided. 

As the current up the chimney is so great when the fire is lighted, all other 
openings in a room, if not too many, become inlets; and, in this way, down- 
draughts of air may occur from tubes intended as outlets. There is no remedy 
for this ; and if too much enters, the outlets must be more er less closed. 

If the room be without openings, so that no air can reach the fire, air is 
drawn down the chimney, and a double current is established, by which the 
fire is fed. The down-current coming in puffs is one cause of smoky 
chimneys, and may be at once cured by making an inlet. 

The chimney and fire is a type of a number of other similar modes of 
ventilation by extraction. 

The ventilation of mines is carried on by lighting a fire at the bottom of a 
shaft (the upcast or return shaft), or half a shaft, if there be only one. The 
air is drawn down the other or downcast or intake shaft, or half the shaft, 
and is then made to traverse the galleries of the mine, being directed this way 
or that by partitions. Double doors are used, so that there is no back or side 
rush of the air. The current passes through the upcast-shaft at the rate of 
from 8 to 10 feet per second ; it flows through the main galleries at the rate 
of from 4 to 6 feet per second, or even more, and from 1000 to 2000 cubic 
feet per head per hour are supplied in good mines. In fire-damp mines much 
more than this is given, even as much as 6000 cubic feet per man per hour. 
(“ Proceedings of Civil Engineers,” vol. xii. p. 308), Ifthe quantity of air 
be reduced too low there is a serious diminution in the amount of work pere 
formed by the men. A horse is said to require 2466 cubic feet, and a light 
59 cubic feet per hour. It may easily be conceived how skilfully the air 
must be directed, so as to traverse the most remote workings; in some mines 
a portion of air makes a circuit of from 30 to 40 miles before it can arrive at 
the upcast-shaft. The size of the shafts in a colliery varies from 8 to 11 or 
12 feet in diameter; the sectional area of a shaft of the former size would be 
50 sjuare feet. A current of 8 feet per second in the upcast-shaft would give 
a discharge of 1,440,000 cubic feet per hour, which would give 720 men 
2000 cubic feet per hour. 

The sectional area and height of the extracting shaft, and of the tubes 
running into it, have been fixed by Péclet; the principle is to give to the 
shaft the greatest height which can be allowed, and the largest section which 
can be given,{ without permitting the temperature of the contained air to fall 
so low as to be unable to overcome the resistance of the atmosphere at the 
top of the shaft, or the action of the winds.§ 





* Report, eye 78. 

+ In August 1869 I found at Fort Elson the velocity to be on one occasion 7°65 per second 
and at Gosport New Barracks, 8:4, The velocity generally ranges from 14 feet to 8 feet per 
second, although it is often more. (F. de C.) 

De la Chaleur, 3d ed. 1861, t. iii. p. 66, ef seq. 

The amount of the resistance given to the movement of air through the tubes leading to 
the shaft, and in the shaft itself, can be calculated from the formula given by Péclet at p. 47 
(t. iii.), but which it is utinecessary to introduce here. General Morin’s observations show 
that the difference in the volumes of air passing through small openings is in the ratio of the 
aquere root of the area. The increased velocity through the smuller openings does nob com- 
pensate for this great loss. The shape of the tubes ought also to be considered, the least resist- 
ance being given by a circular aperture. For a table of friction due to form of sectional 
area, see “‘ Hygiene” in Sanitary Record, 1876, by Dr F. de Chaumont, & ; 
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f tipyel of the Brench) is heated. by » fire at thé bottom, and inte the bottom 
of this. shaft, close to the fire, run-a number of tubes coming from the 
different rooms. Several French and English hospitals, and many other 
buildings, are ventilated in this way. Dr Reid for some years ventilated the 
Houses of Parliament in the same manner, and so powerful was his up- 
draught, that he could change the entire air in the building in a few minutes. 

In dwelling-houses it has been proposed to have a central chimney, into 
‘which the chimneys of all the fires shall open, and to surround this with air- 
shafts connected with the tops of the rooms. It is supposed that, if other 
inlets exist, there will be a current both up the chimney and up the shaft 
running beside it. 

Tn all these cases it requires that the workmanship shall be very exact, so 
that air shall not reach the extracting shaft except through the tubes. 

It is now about a hundred and twenty years ago since Dr Mead brought 
before the Royal Society Mr Sutton’s plan of ventilating ships on the same 
principle. Tubes running from the hold and various cabins joined together 
into one or two large tubes which opened into the ashpit beneath the cooking 
fires. If the doors of the ashpits were kept closed, the fires drew the air 
rapidly from all parts of the ship. Unfortunately, this plan never came into 
general use. The same plan was adopted by Dr Mapleton for the ventilation 
of the hospital ships employed in the last (1860) China War. The arrange- 
ment requires some watching to prevent careless cooks from allowing air to 
reach the fires in other ways. 

On the same principle some men-of-war are now being ventilated.* . The 

funnel and upper part of the boiler, and, as far as possible, all the steam 
apparatus, are Inclosed in an iron casing, so that a space is left of some 3 or 
4 feet between the casing and the funncl. When the fires are lighted, there 
is of course a strong current up this space, and to supply this the air is drawn 
down through all the hatchways towards the furnace doors. The temperature 
of the stoke-hole is reduced from 130° or 140° Fahr., to 60° and 70° ; and the 
draught to the fires isso much more perfect, that more steam is obtained from 
the same amount of fuel. This plan, devised by Mr Baker, has been 
ingeniously applied by Admiral Fanshawe, late superintendent at Chatham 
dock-yard, to the ventilation of every part of the ship where there are no 
water-tight compartments. Edmond’s plan combines with this the ventilation 
not only of the hold, but of the timbers of the ship. 
. Sometimes, instead of a fire at the bottom of the chimney, it is placed at 
the top; but this is a mistake, as there is a great loss of heat from the imme- 
diate escape of the heated air; the proper plan is to heat, as much as possible, 
the whole column of air in the chimney, which can only be done by placing 
the fire below. 

Frequently, instead of, or in addition to a fire, heat is obtained in the shaft 
by means of hot water or steam pipes. This plan has long been in use in 
England,t and has since been introduced into France, and improved by M. 
Léon Duvoir. Warming, as well as ventilation, is accomplished by this 
method, which is in action at the Hospitals Lariboisitre (in one-half) and 
Beaujon. It appears to be at once effectual and economical, though it has 
been sharply criticised by Grassi and Péclet. After a very long investigation 
into the merits of all rival plans, it was adopted by a French Commission for 











* In the new ironclads it is found necessary to use large fans driven by special engines 
to effect thorough change of air below. ; 

+ It is in use in the Circuit Court-House in Glasgow, and in the Policé Buildings at Edin- 
burgh (Ritchie), and in many other buildings. ect 2 4 ae 


It is certainly true that the ventilation by this plan is irregular ; + and also, 
that in the Hospital Lariboisitre, a much greater quantity of air passes through 
the extracting shaft than enters through the hot-water stoves. 

In the summer, when there is ventilation without warming, the outflow of 
air from the wards varied from 84°4 cubic metres (2980 cubic feet) to 55:3 
cubic metres (1952 cubic feet) per head per hour.{ 

In the winter, when there are both ventilation and warming, the outflow of 
air from the wards was 82:2 cubic metres or 2902 cubic feet, per head per hour. 
Of that amount, only 35 cubic metres (1235 cubic feet) entered by the water- 
stoves, the rest came in by doors and windows and other openings—an objec- 
tionable point, as the air might press in from the closets. Yet, in spite of 
this, the temperature was maintained pretty well up to the limit fixed in the 
agreement, viz., 15° cent. or 59° Fahr. 

Oil has been used in some cases instead of water. 

Very frequently, instead of a fire or hot-water vessels, lighted gas is used to 
cause a current, and if the gas can be applied to other uses, such as lighting, 
cooking, or boiling water, the plan is an economical one. 

In theatres the chandeliers have long been made use of for this purpose. 
M. D’Arcet proposed this for several of the old theatres in Paris, and the Com- 
mission § appointed to determine the mode of ventilation to be adopted in the 
Théatres Lyrique et du Cirque Impérial, have determined, after much considera- 
tion, that this plan is the best adapted for theatres. The details have, however, 
been somewhat modified from those devised by D’Arcet, and are too long to 
be here inserted, but they seem admirably adapted to distribute the entering 
air thoroughly, and to insure its discharge. The entering air is warmed by 
caloriféres below the pit, and is then carried by flues to the front of the stage, 
and to the front of each tier of boxes, where they open atthe floor. The out- 
going air is drawn away by flues running from each box, and ending in a large 
central shaft surrounding the tube which carries off the preducts of the com- 
bustion of the central chandelier. But every gas-jet in the house, as well as 

the spare heat of the furnace, is made to contribute its share of movement. 





* Two excellent reports have been made by this Commission, of which General Morin is re- 
porter. Their titles are given farther on. Much information is also given in General Morin’s 
work on ventilation, Etudes sur Ja Ventilation, Paris, 1863, 2 vols. 

+ Péclet—Traité de la Chaleur, 1861, t. iii. p.267. 

t Grassi, op. ctt, BP. 35-37, : 

§ Rapport dela Commission sur le Chauffage et la Ventilation du Théatre Lyrique et da 
Theatre du Cirque Impériul. - Rapporteur.le General Morin. Paris, 1861. 
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The amcunt which can be supplied in winter is 830 cubic metres (= 1059 cubi¢ 
feet) per head per hour. The burning of 20 cubic metres (706°2 cubic feet) 
of gas in one hour at the Opera Comique caused the discharge of 80,000 cubic 
metres of air (2,825,280 cubic feet). The temperature of the air was 9° cent. 
or 16° Fahr. above the external air. At the Vaudeville, 10 cubic metres (353 
cubic feet)of gas was consumed per hour, and 15,523 cubic metres (548,210 
eubic feet) passed through the chimney, so that 1 cubic foot of gas perfectly 
oonsumed caused the discharge of 1553 cubic feet of air. General Morin, 
from numerous experiments, found that 1 cubic metre of gas caused the dis- 
charge of 1000 cubic metres of air, or 1 cubic foot would cause the discharge 
of 1000 cubic feet of air.* 

The advantage of extraction by heat, especially in the case of theatres and 
buildings where gas can be brought into play, are obvious. 

There are some objections to extractions by the fire and hot-air shaft. 

(1.) The inequality of the draught. It is almost impossible to keep the 
fire ata constant height. The same quantity of combustible material should 
be consumed in the same time every day, and the heat should be kept in by 
large masses of masonry. Still, with these precautions, the atmospheric 
influences, and changes in the quality of the combustibles, cannot be 
avoided. 

(2.) The inequality of the movement from different rooms. From rooms 
nearest the shaft, and with the straightest connecting tubes, there may be a 
strong current, while from distant rooms the friction in the conduits is so great 
that little air may pass. The greatest care is therefore necessary in calculat- 
ing the resistance, and in apportioning the area of the tubes to the resistance. 
This plan is, indeed, best adapted for the compact buildings. Occasionally, 
if the friction be great, from too small size, or the angular arrangement of the 
conduits leading to the hot-shaft, there may be no movement at all in the 
conduits, but a down-current to feed the fire is established in the shaft 
itself—a state of things which was discovered by Dr Sanderson to exist in 
the ventilation of St Mary’s Hospital in London. 

(3.) The possibility of reflux of smoke, and perhaps of air, from the shaft 
to the rooms, is another objection of some weight. 

(4.) The impossibility of properly controlling the places where fresh air 
enters. It will flow in from all sides, and possibly from places where it is 
impure, as from closets, &c.; air is so mobile that with every care it is 
difficult to bring it under complete control—it will always press in and out at 
the point of least resistance. 

2. Extraction by the Steamjet.—The moving agent here is the force of the 
steam-jet, which is allowed to pass into a chimney. The cone of steam sets 
in motion a body of air equal to 217 times its own bulk. Tubes passing from 
different rooms enter the chimney below the steam-jet, and the air is extracted 
from them by the strong upward current. This plan is best adapted for 
factories with spare steam. It was employed for some time in the ventilation 
of the House of Lords, but was finally abandoned. 

3. Extraction by a Fan or Screw.—An extracting fan or Archimedean 
serew has been used to draw out the air. Several different kinds have been 
proposed: by Messrs Combes, Letoret, Glepin, and Lloyd, and have been used 
in coal mines in Belgium, and in some of the English mines. At the Abercarn 
mine, in South Wales, a fan is used of 134 feet diameter ; the vanes, eight in 
number, are 34 feet wide by 3 feet long; at 60 revolutions per minute the 
velocity of the air is 782 linear feet per minute, and 45,000 cubic feet are 


* Etudes sur la Vent, t. ii. p. 720. 
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extracted ; the velocity at the circumference of the fan ; 
minute; the theoretical consumption of coal per hour is 17 4 — ae 
' Mr Van Hecke formerly used @ fan for this purpose, in his system of 
ventilation of buildings, but he has found it better to abandon it, and sub- 
stitute a propelling fan. It was proposed by Mr Higgins to put in a chimney 
an Archimedean screw to be turned by the wind, and in this way it was 
thought a constant upward current would be caused. But the plan has little 
power, and is not now employed... 
To both these methods of extraction some of the objections already noted 
apply, but extraction by the fan is, of course, more uniform. 


SvuB-SEoTION I].—VENTILATION BY PROPULSION. 


This plan was proposed by Desaguliers, in 1734,+ when he invented a fan 
or wheel inclosed in a box. The air passed in at the centre of the fan, and 
was thrown by the revolving vanes into a conduit leading from the box. In 
some form or other this fan has been used ever since, and the conduits leading 
from it are now generally made large, so that the fan may move slowly, and 
deliver a large quantity of air at a low velocity. The fan, if small, is worked 
by hand ; if larger, by horse, water, or steam power. 

The fans are often made with six or eight rays, each carrying vanes at the 
end, which should be as close as possible to the enveloping box. In size, 
the length of the vanes should be more than half the length of the rays; the 
number of rays should augment with the diameter of the orifice of access. t 
(Péclet, p. 259.) 

The amount of air delivered can be told by timing the speed of revolution 
of the extremities of the fan per second, or per minute ; the effective velocity 
is equal to }ths of this, and this is the rate of movement of the air. If the 
section area of the conduit be known, the number of cubic feet discharged 
per second, minute, or hour can be at once calculated. 

The power of this plan is very considerable. With a fan of 10 feet 
diameter, revolving sixty times per minute, the effective velocity is 1414 feet 
per minute. The rate of movement in the main channel should not be more 
than 4 feet per second; the conduits must gradually enlarge in calibre; and 
the movement, when the air is delivered into the rooms, should not be more 
than 14 fect per second. 

At the Hospital Lariboisitre in Paris, it is stated that 150 cubic metres 
(=4296 cubic feet) have been delivered per head per hour, in the wards 
ventilated by the propelling fan of MM. Thomas et Laurens. It must, how- 
ever, be remembered, that the later observations of General Morin have 
shown that much of the movement ascribed to the fan was really owing to 
natural ventilation. 

This plan: is very well adapted for those cases in which a large amount of 
air has to be suddenly supplied, as in crowded music halls and assembly 
rooms. St George’s Hall at Liverpool is ventilated in this way. The air is 
taken from the basement; is washed by being drawn through a thin film of 
water thrown up by a fountain; is passed into caloriféres (in the winter), 
where it can be moistened by a steam-jet, if the difference of the dry and wet 
bulb be more than four or six degrees, and is then propelled along the 





* Ure’s Dictionary, 1860; art. Ventilation, vol. ar 7 961. 
‘ rca of Experimental Philosophy, vol. ii. p. . The wheel was shown to the Royal 
0 in : 
' $ Péclet, De la Chaleur, 8d edition, 1868, t. i. pp. 259, 268. Numerous kinds of fans for 
propulsion and e tion are and detailed accounts of construction and amount of 
work are given. : 
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channels which distribute it to the hall. In summer, it is cooled in the con- 
duits by the evaporation of water. 
At the Hépital Necker in Paris, and in many other places, the plan of Van 
Hecke is in use. A fan, worked by an engine, drives the air into small 
chambers in the basement, where it is warmed by cockle stoves, and then 
ascends into the rooms above, and passes out by outlet shafts constructed in 
the walls. The system is effective and economical, though it is only just to 
say that, the use of the fan excepted, it is precisely similar in principle to 
Sylvester’s. 
In addition to the fan, other appliances have beeen used. Soon after 
Desaguliers proposed the fan, Dr 
Y Hales employed large bellows for 
the same purpose, and they were 
used for some time on board some 
j men-of-war, and in various build- 
ee ings. They were worked by hand ; 
bssessssssr=-Qj~S-==-==-{) and probably this, and their faulty 
i uv construction, led to their being dis- 
used. Their use has been revived, 
! and their form modified and im- 
proved by Dr Arnott* (fig. 23). Dr 
Arnott has shown that Hales lost 
much power by forcing his air 
Fig. 23. through small openings; and, by 
some ingenious alterations, has made 
an effective machine, It is a large box or cylinder, in which a piston works ; 
openings are made at the ends of sufficient size ; oiled silk hangs over the upper 
openings on the inside, and on the lower openings on the outside of the box. 
These covers, therefore, act as valves, and allow the air to pass in one direc- 
tion only ; as the piston moves, air is driven through the lower openings, on 
the side towards which the piston is moving, while fresh air enters at the 
same time through the upper openings at the opposite end. A pump of 6 feet 
long, 4 feet wide, made of deal boards, and fitted with a piston of wood, can 
be constructed in a few hours, and will deliver 96 cubic feet at every stroke. 
Dr Arnott has also fitted up a gasometer pump, which was used in the 
York County Hospital for some time, but was finally disused, probably because 
the apparatus, though excellent in principle, was not quite large enough. 
The hydraulic air-pump, sometimes used in mines, is useful on a small scale.+ 
The punkah used in India is another mechanical agent with a similar though 
more imperfect action. When a punkah is pulled ina room open on all sides, 
it will force out a portion of air, the place of which will be at once supplied 
by air rushing in with greater or less rapidity from all points. If the punkah 
can be moistened in any way, its cooling effect is considerable. Captain 
Moorsom, of the 52d Regiment, some years ago proposed an ingenious plan, 
which is given in the Indian Sanitary Report. A wheel turned by a bullock 
both moves the punkah, and elevates water, which then passes along the top 
of the punkah, and flows down it. 
The advantages of ventilation by propulsion are its certainty, and the ease 
with which the amount thrown in can be altered. The stream of air can be 
taken from any point, and can, if necessary, be washed by passing through a 


# On the Smokeless Fireplace, by Neil Arnott, M.D., F.R.S., &c., 1855, p. 162; and in 
other publications, In the figure all the valves are shown open, but, during action, the top 
yalves on one side, and the bottom on the other, are alternately open or cldied., 

_ + Ure’s Dictionary, 1860, vol. ii. p. 958. 
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thin film of water, or through a thin screen of moistened cotton, and can be 
warmed or cooled at pleasure to any degree. In fact, the engineer can intro- 
duce into this operation the precision of modern science. 

The disadvantages are the great cost, the chances of the engine breaking 
down, and some difficulties in distribution. If the air enter through small 
openings, at a high velocity, it will make its way to the outlets without mix- 
ing. The method requires, therefore, great attention in detail, 


SECTION IV. 


RELATIVE VALUE OF NATURAL AND ARTIFICIAL 
VENTILATION, . 


’ Circumstances differ so widely, that it is impossible to select one system in 
preference to all others. In temperate climates, in most cases, especially for 
dwelling-houses, barracks, and hospitals, natural ventilation, with such powers 
of extraction as can be got by utilising the sources of warming and lighting, 
is the best. Who, in fact, would not attempt to make use of these 
vast powers of nature which are ever ready to serve us? Incessant movement 
of the air is a law of nature. We have only to allow the air in our cities 
and dwellings to take share in this constant change, and ventilation will go on 
uninterruptedly without our care, 

In some circumstances, however, as in the tropics, with a stagnant and 
warm air; and in temperate climates in certain buildings, where there are a 
reat number of small rooms, or where sudden assemblages of people take 
place, mechanical ventilation must be used. So much may be said both for 
the system of extraction and propulsion under certain circumstances; that I 
think it is impossible to give an abstract preference to one over the other. 
This is evident, indeed, from the fact, that quite contrary opinions have been 
arrived at by equally competent men. Péclet, whose great authority no one 
can doubt, says (De la Chaleur, t. iii. p. 63), “ Mechanical ventilation has 
then an immense advantage over the ventilation of an extracting chimney ” 
(cheminée dappel); and Grassi, from a comparison of the two plans at the 
Laviboisi¢re Hospital, unequivocally condemned the system of extraction as 
arranged by Duvoir. Yet, lately, General Morin, after a fresh inquiry into 
the whole subject, has as decidedly pronounced the system of propulsion to 
be everywhere inferior to that by extraction. He has also condemned the 
plan of Van Hecke, which previously had been praised by Pettenkofer. In 
fact, it is evident that the special conditions of the case must determine the 
choice, and we must look more to the amount of air, and the method of dis- 
tribution, than to the actual source of the moving power. But in either case 
the greatest engineering skill is nocessary in the arrangement of tubes, the 
supply of fresh air, &c. The danger of contamination of air as it passes 
through long tubes, and the immense friction it meets with, must not be over- 
looked. For hospitals, I cannot but believe natural ventilation is the proper 
plan. The cost of the various plans will depend -entirely- on circumstances ; 
the nature of the building; the price of materials, coal, &c. On the whole, 
the plans of ventilating and warming by hot-water pipes, and Van Hecke’s 
plan, are cheaper than the method by propulsion by means of a large fan ; but 
the latter gives us a method which is more under sacar tia control;.gnd is 
better adapted for hot climates when it is desired to cool the fir, © 


CHAPTER IV. 


EXAMINATION OF AIR AND OF THE SUFFICIENCY OF 
VENTILATION. 


Tue sufficiency of ventilation should be examined— 

lst, By determining the amount of cubic space assigned to each person, and 
the amount of movement of the air, or, in other words, the number of cubic 
feet of fresh air which each person receives per hour. 

2d, By examining the air by the senses, and by chemical and mechanical 
methods, so as to determine the presence, and, if possible, the amounts of sus- 
pended matters, organic vapour, carbonic acid, sulphuretted hydrogen, and 
watery vapour. 


SECTION 1. 
MEASUREMENT OF CUBIC SPACE." 


The three dimensions of length, breadth, and height are simply multiplied 
into each other. Ifa room is square or oblong, with a flat ceiling, there is, 
of course, no difficulty in doing this, but frequently rooms are of irregular 
form, with angles, projections, half-circles, or segments of circles. In such 
cases the rules for the measurement of the areas of circles, segments, triangles, 
&c., must be used. By means of these, and by dividing the room into several 
parts, as if were, 80 as to measure first one and then another, no difficulty 
will be felt. After the room has been measured, recesses containing air should 
be measured and added to the amount of cubic space ; and, on the other hand, 
solid projections, and solid masses of furniture, cupboards, &., must be 
measured, and their cubic contents (which take the place of air), deducted 
from the cubic space already measured. The bedding also occupies a certain 
amount of space; a soldier’s hospital mattress, pillow, three blankets, one 
coverlet, and two sheets, will occupy almost 10 cubic feet, about 7 if tightly 
rolled up. It is seldom necessary to make any deduction for tables, chairs, 
and iron bedsteads, or small boxes; it is a refinement to do this, er to 





* The following are some useful measures :— 


leubicfoot, .  . , == 1728 cubic inches, 
7) ry) ° e ® e Le 28°31 French litres, 
1 pat 3 x: @: Th zs 34°66 cubic inches. 
liluidouncea, . .  . = 1° Sg ay 
1 cubic metre (French), = 85°31658 cubic feet (English )e 
1 litre (French),. . “= 0°085816 cubic feet. 
1 litre, o 8 ma 61:027 cubic inches. 
1 cubic centimetre, ae 006108 cubic inches, 


, Prassian foot Dubie santas a 7 cable lash Rengtish fe oe d 
The an equa "357 inches, or ish feet, and the cubic fi 5 
gian by ep 1-092 eabio ag ap a anoeet ga aoe tad ideret reas tea 
equal to 152°7 square English inches, or ish square feet, = One English 
is equal to ‘9499 Prassian square feet. i ong ae _ 
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reduce the temperature of the air to standard temperature, as is sometimes 
done. 


A Y deduction must be made, however, for the bodies of persons living in 
the room; a man of average size takes the place of about 24 to 4 cubic foot 
of air (eay 3 for the average).* 

In linear measurement, it is always convenient to measure in feet and 
decimals of a foot, and not in feet and inches. If square inches are 
measured, they may be turned into square feet by multiplying by -007, 


Ruitss—Area or Superficies, 


Area of circle, . ; ‘ : ‘ =D?x -7854, 
” ” . , . . . = (C? x® -0796. 
Circumference of circle, ; ‘ ; =D x 31416, 
Diameter of circle, . : ; ; =C +3: aoa 
Multiply the product of the 
Area of ellipse, . ° , ; ° -{ two diameters by ‘7854. 


Half sum of the two diame- 
ters by 3°1416, 

Multiply two sides, 

{ Multiply a gl its width 
on the sq 

Area of trapezium, . e. = Multiply rie sum of the two 

perpendiculars by the dia- 
gonal on which they fall ; 
or 


Circumference of ellipse, . ° = : 
Area of rectangle, 


Area of parallelogram, 


Divide into two triangles 
in the most convenient 
manner, calculate the 
areas, and take the sum, 





Area of trapezoid, . a = Take the sum of the 
sae el sides and multi- 
ply by the distance be- 

tween them, 


Fig, 26. 





* The weight of a man in stones, divided by 4, gives the cubic feet.he occupies. Thuss man 
Sane 12 stones occupies 8 cubic feet. 
he following table may be found convenient :— 


Inches, Scar riley - ‘Inches. strscra rashal 
12 we 1:00 6 a 0°50 
11 = G92 6 ms 0°42 
20 = 0:83 4 yea 0°83 
9 - 0°75 3 aa ; 0°25 
8 = 0-87 2 aa 0°17 
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Area of triangle, » © ». |. © ‘Base x $ height, or 
Height x 4 base. 





Fig. 27. 


Area of segment ofcircle, . . 4 = To ¢ of product of chord 
and height add the cube 


of the height divided by 
twice the chord 


‘ ° ‘ Hs 
(Ch x.H x 8) + 5 Oh 





Cubic Capacity of a Cube.—Multiply the three dimensions, length, 
breadth, and height. , 

‘Qubie Capacity of a Cone or Pyramid.—Area of base x } height. 

Cubie Capacity of a Cylinder.—Areoa of base x height. os 

Cubie Cupucity of a Parallelepiped.—Multiply area of one side by the 
perpendicular let fall on it. 

Cubic Capacity of a Dome.—Two-thirds of the product of the area of the 
base multiplied by the height (area of base x height x @). 

Cubie Capacity of a Sphere.—D® x "5236, ; 

The cubic capacity of a bell-tent may be taken as that of a cone. 
- The cubic capacity of an hospital marquee must be got by dividing the 
marquee into several parts—1s¢, into body ; and 2d, roof :— 


1. Body, as a solid rectangle, with a half cylinder at each end. 
2. Roof, solid triangle, and two half cones. 


The total number of- cubic feet, with additions and deductions all made, 
must then be divided by the number of persons living in the room ; the result 
is the cubic space per head.- 


SECTION IL 
MOVEMENT OF AIR IN THE ROOM, 


The direction of movement must first be determined; and then its rate. 


], DIRECTION OF MOVEMENT, 


First enumerate the ‘various openings in the room—doors, windows 
chimney, special openings, and tubes—and consider which is likely to be the 
direction df movement, and whether there is a possibility of thorough move- 
ment of the air. Then, if it is riot necessary to consider further any move- 
ment through open doors or windows, close all these, and examine the move- 
ment through the other openings. This is best done by smoke disengacc 
from smouldering cotton-velvet, and leas perfectly by small balloons, light 
pieces of paper, feathers, &c, The flame of @ candle, which is often used, is 
only moved by strong currents. It may be generally taken for granted that 
one-half the openings in a room will admit fresh air, and half will be outlets. 
But this is not invariable, as a strong outlet, like a chimney, may draw air 
through an inlet of far greater area than itself, or may draw it through ‘a 
much gmaller area, ‘with an increased rapidity, ._ , , ey 
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2. RATE OF MOVEMENT, 


The direction being known, it is only necessary to measure the di 
through the outlets, as a corresponding auatiee of fresh air must ria 

By the Anemometer.—This is best done by an anemometer, or air-meter, of 
which there are several in the market. The one commonly used is that 
invented by Combes in 1838 : four little sails, driven by the moving air, turn 
an axis with an endless screw, which itself turns some small toothed wheels, 
which indicate the number of revolutions of the axis, and consequently the 
space traversed by the sails in a given time, say one minute. M. Neumann, 
of Paris, has modified this anemometer by omitting most of the wheels, and 
introducing a delicate watchmaker’s spring, which opposes the force of the 
wind, and when it equals it, brings the sails to a gtand-still By a careful 
graduation (which must be done for each instrument), the rate per second is 
determined, and is indicated by a small dial and index. 

Mr Casella of Hatton Garden, has, at my suggestion, modified and improved 
this instrument, and has adapted it to English measures, A very beautiful 
instrument is thus available at a comparatively low price, by which tho 
movement of air can be measured very readily. : 

Casella’s air-meter is thus used :—Being set at the zero point, it is placed 
in the current of air ; if it is placed in a tube or shaft, it should be put well 
in, but not quite in the centre, as the central velocity is always greater than 
that of the side ; a point about two-fifths from the sides of the tube will give 
the mean velocity.. The time when the sails begin to move is accurately 
noted, and then, after a given time, the instrument is removed, and the 
movement, in the time noted, is given by the dial. A correction is then made, 
if the instrument requires it, and the linear discharge is obtained,* If this linear 
discharge is multiplied by the section-area of the tube or opening (expressed in 
feet or decimals of a foot), the cubic discharge is obtained. If the current 
varies in intensity, the movement should be taken several times, and the mean 
calculated ; and if the tube is so small that the sails approach closely to the 
circumference, the results cannot be depended on. If placed at the mouth of a 
tube, it often indicates a much feebler current than really exists in the tube. 

The cubic discharge per minute being known, the amount per hour is got 
by multiplying by 60, and this, divided by the number of men in the room, 
gives the discharge per head for that particular aperture. 

An anemometer on a larger scale is fixed in some of the large outlets of the 
Paris hospitals, showing the movement at every moment by nieans of an 
index and diaLt | 

By the Manometer.—Dr Sanderson has made an ingenious alteration of a 
manometer described by Péclet, which can also be employed to measure the 
pressure, and by calculation the velocity, of the air. The current of air is 

allowed to impinge on a surface of water, and the height to which the water is 
driven up a tube of known inclination and size gives at once a measure of force, 
But, as necessitating a little calculation, this instrument is less useful than the 
anemometer, though it is adapted for cases where the anemometer cannot be 
used, as it may be connected by a long tube with a distant room, and probably 
would be well fitted to measure constantly the velocity in an extraction shaft. 

In measuring the movement of the air in chimneys, or places whether 
either the heat or the dust would injure the air-meter, a manometer must be 
used. Mr Fletcher describes what appears to be a good one.{ 


* All instruments require correction, as they never give the whole of the velocity. In 
Casella’s newest forms the correction is additive and uniform for all velocities. 

+ Péclet—De la Chaleur, +. i. p. 171, where the description will be found. 

+ Fifth Annual Report of the vnspector under the Alkali Act, Blue Book. 
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By Calculation.—Supposing the external air is tranquil, and that the only 
cause of movement is the unequal weights of the external colder and the 
internal warmer air, the amount of discharge may be approximately obtained 
by the law of Montgolfier, described in the chapter on Ventitation. There 
is a fallacy, however, as the amount of friction can never be precisely known. 
Still, as an approximation, and in the absence of an anemometer, the rule is 
useful ; and I have therefore calculated a table as follows. ee 

On testing this table, however, by the air-meter, I have found it give too 
much when the tubes are long, on account of the great friction, and I would 
therefore advise the further deduction of 4th when the shaft or tube is long, 
and is at the same time of small diameter. Ifthe tube has many angles, or is 
greatly curved, this table is too imperfect to be used. 

e 


TABLE to show the Discharge of Air in linear feet per minute. Calculated from Mont- 
golfier's formula ; the expansion of air being taken as 0°002 for cach degree Fahrenhett, 
and one-fourth being deducted for friction, (Round numbers have been taken.) 





LJ e 
= eI DIFFERENCE BETWEEN INTERNAL AND EXTERNAL TEMPERATURE. 
es 
C 8 












6 | 7 | 8 | 9 (10) 1112/13/14) 15 |16 | 17 | 18 |18| 30) 21 


10 | 88)/102)114)125/135/144/153)161|169)176/183/190/197 |204/210/216 222/228 233/259 244:249/254|279 
AL | 92,107|119,181/1411151/160|169|177/185|192 200,207 213/220|226 233/289 246)250| 256 261) 267|202 
12 | 96)131)125|136/147 |158)167/176/185/193/201|209/216/223/230 237|248 249,255 261/267 278|279\805 
13 |100,116/130/140|153/164/174/183/192)/ 201 |209|217/|225|232/239 246,253 259/266 272/278 284|290/318 
14 /104)120/135/147|159/170)181/190/200/ 209) 217/225|233/241|248)265,262/269|276|282|289 295 301/390 
15 (108/125)/139/153/165/176/187|197|207 |216|225| 233 241)/249/257/264 272 279|286 292/299,305/312/341 
16 |111|129) 144/158 |170)182|193|204'213|223|232|241|249|257 |266|2738 281 | 288 295|802'809/815|322\353 
17 |115|33|148/162/176 188,199 210/220/230|239|248'257|265|274|282 289 | 297|304/311/318|8251332/363 
18 |118|136|153/167|181|193 | 205/216|226|237 |246| 255) 264|273|282/290/29~. 305/318 820|327|835|342 874 
19 |121/140/157|172|186}198|21 0|222)233|243 253/262 272/281 /289|298|3061314 821 /329\836/844 

20 |125/144'161/176/190)|204|216|228 239/249 /259|269:279|288/297|305|314/322\830|338/845/853/360/304 
21 1128/147|165)181/195|209 221 |233|245|/255|266|276 286/295|304'313/321 380;338|346 854|361/369/404 
22 |131)151)169)185|200)214/226/239/250|261/272;282 292/302|311/320/829 338 346/354 362|870'878'414 
23 |184'154/173/189/204|218 232/244/256'267|278| 289 299/309/318/827 336/245 344,862/370,878|386|423 
24 186158 176|198)209/228}237|249|261 273/284 295 305/315|825)385 844/853 /361/870 878|386|394/432 
25 189/161 180/197|213/227| 241/254, 267/279,290/801 312/322/382/342 851 360,369,378|386\394 402/441 
26 142)164 188|201/217 2 ase 272|284 296/307 .318|328/838/348 358 3741589 885)394/402/410 


9919912412580 




































2 |1145|167|187|205|221/237'251|264|277|290|802|313 324|335|345|355|865'374|383|392/401 
28 |147|170/190 207/225|241|255|269|282|295 807/819 380/341/351/361 871/881|390399/408 
29 |150,178)194|212|229|245|260,274|287|800'312 324 385|347|857|368|378 888\897 407 416) 
80 |153/176|197|216|233|249 264:279|292/305 818) 380 341 353 ,363/374|384/394 404'414/428 482/4411483 
81 |155'179|200/219|237|253'269|283|297 210|323 385 347/358 369 380/381 401/411|420|430,489/448 491 
$2 |158/182|204)293/2411257 273|288|802|815 328/841 353|364/375 386|397|4071417 427|437:446/455 499 

160/185|207|226|245|261 277 292|807|320 383\346)358/370)381|892 resi 

| 











\42414841443 453/462/506 
4 |162]188/210\280|248|265,282,297(311/925 288|851|363,375 887 808 409\420/430(4401450 460\4691514 
35 |165|190|218|283|252|209 266 /801/816\880 343/356 {960'981 393|404|415/426|486)447/457 467/476 /522 
36 |167|199|216|286,256 278 290|805|320 994/848 |861|374\986 8981410 421|482 442 
87 |170|196|219240,269|977\294'3101925)a89 53 |966|379|802 4041415 /497 438\449 14501470 4801400 
88 |172|198|229|248 262|281|298,814|929|844 358/371'384,397 409/421 432 444)454/465/476 48614961543 
89 |174|201|225|246|266|284 802 318|383\948 362 376)389}402,4141426 498 450'46]|471 1489|499|508|051 
40 |176|204|228|249|269|288,505,3221838/358 367/381 )394 407|420/439 444/455 467 \477|488, 
45 |187|216|241|264|286)305|324 341|358|374|389/4041418|492 445|458 471/483'495,506/518,529/5401501 
50 |197|228|254/279|801|822\841/860|877|804|401/4261441 455 460\483 406 sae 546 558|569|628 











7/8 [0 [io] a1|29/18[%4/15|10|27|28 10|a0| sn es |aalae|96|30 

To use the table, determine the height of the warm column of air from the point of entrance 
tothe point of discharge. Ascertain the difference between its temperature and that of the 
external air. Take out number from table, and multiply by the section-area of the discharge- 
tube or opening, in foot or decimals of a foot. The result is the discharge in cubic feet per 


minute, multiply by 60—result, discharge per hour. Zxample.—Height of column, 82 feet : 
difference of temperature between internal and external air, 17 deg. 


ooking in the table, we 
find opposite to 82 and under 17, 375 feet. That would be an area of 1 acnare foot. : 
375 





1 Terefore we get 281 feet (pe: 
# of a foot, we must multiply 375 by 1875 minute), multiplied by va 
or 0°75 of a foot. 2625 16,860 feet per hour, 


281 °25 : 


But supposing our air opening to be ory 
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If the movement of the external air influences the movement in the room, 
as when the wind blows: through openings, calculation is useless, and the 
anemometer only can be depended on. 


SECTION IIL 
EXAMINATION OF THE AIR. 
1. BY THE SENSES. 


Many impurities are quite imperceptible to smell, but it so happens that 
animal organic matters, whether arising in respiration or in disease, have, for 
the most part, a peculiar foetid smell, which is very perceptible to those trained 
to observe it when they enter a room from the open air. This is, in fact, a 
most delicate, as well as a ready way of detocting such foetid impurities, and, 
with a little trouble, the sense of smell may be cultivated to the point of ex- 
treme acuteness. Only, it must be remembered, that in a short time the 
impression is lost, and is not at once regained even in the open air. Fora 
detailed consideration of this question see Dr de Chaumont’s papers in the 
“Proceedings of the Royal Society,” 1875 and 1876. Among other points, 
it is shown that the humidity of the air has a very marked influence 
in rendering the smell of organic matter perceptible, even more powerful than 
a rise in temperature. Thus the effect of an increase of one per cent. in the 
humidity is as great as a rise of 4°¢ 18 Fahr. in temperature, calculated from 
the mean of 458 fully recorded observations.* 

As the evidence of the senses, however practically useful, is always liable 
to be challenged, a more thorough examination of the air must in many cases 
be made, 


2. MIOROSCOPICAL AND CHEMICAL EXAMINATION, 


The points which should be examined are—t 

1. The existence and character of suspended matters as judged of by the 
microscope. 

2. The amount of carbonic acid, which is taken as a convenient measure of 
all impurities. 

3. The amount of the ammonia existing as such, or formed by the action 
of alkaline permanganate on nitrogenous substances floating in-the air 
(free and albuminoid ammonia). 

4, The amount of oxidisable substances, as judged of by the amount of 
oxygen given off by permanganate. 

5, The amount of watery vapour. 

6. The presence of sulphuretted hydrogen, or of ammonia. 


Microscopical Examination. 


1. Suspended Matiers.t—It is probable that the microscopical examination 
of ait will give us in future more important information even than the chemical 
examination. It is, of course, a merely qualitative test, as there are no means 
of properly estimating the amount collected. 








- * eupplementary Note on the Theory of Ventilation, Proceedings of the Royal Society, 
ov. 171-1876. 
+ The amounts of oxygen and nitrogen can also be determined ; but very numerous obser- 
vations have shown that the oxygen often varies within extremely narrow limits, even when 
there is no doubt of the presence of considerable impurity in the air, so that as far as present 
knowledge gives, the determination of its amount is no good guide as a general rule. 
+ See page 97 for an account of the suspended matters in air, 
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The suspended matters may be collected very simply by Pouchet’s aeroscope. 
A small funnel is drawn into a small point, below which is a slip of glass 
moistened with glycerine. The end of the funnel and a slip of glass are inclosed 
in an air-tight chamber, from which a small glass tube passes out and is con- 
nected by india-rubber tubing with an aspirator. As the water runs out 
through the aspirator, air passes down the funnel and impinges on the gly- 
cerine, which arrests any solid particles. 

As it is, however, desirable to avoid glycerine, which may (in spite of 
previous careful examination) contain foreign particles, a still better plan is, to 
take a small bent tube, wash it thoroughly, dry it, and heat it to redness ; 
when cool, it should be placed in a freezing mixture, an india-rubber tube be 
fixed on one end, and air slowly drawn through ; the water of the air condenses 
in the tube, and many of' the solid particles fall with it. A dropis then taken 
by a perfectly clean glass rod, previously heated to redness, placed on a clean 
glass, and looked at with an immersion lens, as soon after collection as pos- 
sible, ; 

Or air may be drawn through pure distilled water, a drop of which is then 
examined. 

Dr Watson (Staff-Surgeon), in his examination of the air at Netley,* used 
fine glass threads soaked in pure glycerine, or dry, and crushed glass; after 
the air was drawn through, he washed the glass threads with pure water, and 
then examined the water. These glass threads form good traps for the larger 
particles. f 

An aspirator, to draw air through the tubes, is very easily made; a square 
tin vessel, with a tap below, and a small opening above to receive the india- 
rubber tube, is all that is necessary ; fill this with water, and let it run down, 
and measure the total quantity (in a pint vessel) discharged without tilting the 
vessel, An imperial pint contains 34:659 cubic inches, and one fluid ounce 
1:733 cubic inches. A cubic foot is very nearly 1000 fluid ouuces, and the 
ounce may be taken as 1°728 cubic inchest The exact delivery of the 
aspirator is, therefore, easily determined ; the air should be drawn slowly 
through the bent tube in the freezing mixture or through the aeroscope, so 
that no particles can escape. 


Chemical Examination. 


2. Estimation of Carbonic Acid.—¥or our purpose the method proposed 
by Pettenkofer is the best. A glass vessel is taken capable of holding a 
gallon, or 44 litres. The capacity is determined by filling it with water, and 
by measuring the contents by means of a litre or pint measure (1 oz. = 28-4 
cubic centimeters). The vessel is thoroughly dried, and is then filled with 
the air to be examined, which is most readily done by pumping in the air 
with a bellows. Angus Smith recommends extracting the air from the bottle. 
When this is done 60 C.C. of clear lime or baryta water are put in, and the 
mouth is closed with an india-rubber cap.§ The vessel is agitated, so that 
the lime water may run over the sides, and then is left to stand for not less 
than six or eight hours if lime-water be used; if baryta-water be used the: 
experiment may be completed in a much shorter time, leas than one hour, 





* Army Medical Department Report, vol. xi. p. 529. 

_ + Thave found carrying the air through a succession of bottles containing pure distilled 
water the best plan, for the sediment is examined by the microscope, and the liquid part. can 
be nised for chemical examinations for organic matter. (F. de C.) 

These numbers are exact at 39° Fahr., or the maximum density point of water. 

Should an india-rubber cap not be available, a cork or a bung may be used, tied over with 
leather or oil-skin.; in that case the second alkalinity of the lime-water (if this be used) should 
ve determined as soon after the six or eight Lours as possible, certainly within 24 hours, 
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The carbonic acid is absorbed by the lime or baryta water, and consequently 
the causticity of these fluids is, pro tanto, lessened. If the causticity of the 
lime or baryta is known before and after it has been placed in the vessel, the 
difference will give the amount of lime or baryta which has become united 
with carbonic acid. 

The causticity of lime is determined by means of a solution of crystallised 
oxalic acid. If 2-25 grammes of crystallised 0 (O + 3Aq) are dissolved in 
1 litre of water, 1 C.C. will exactly neutralise 1 milligramme (‘001 gramme) 
of lime; 30 C.C. of lime water are taken, and exactly neutralised; good 
turmeric paper is the best plan for determining the exact point of neutralisa- 
tion, and the margin of the drop gives the most delicate indication. The 
amount of lime in the 30 C.C. is then equal to the aumber of C.C. of oxalic 
acid used ; it is always somewhere between 34 and 41 milligrammes.* 

After the lime has absorbed the carbonic acid of the air in the vessel, 30 
C.C. of the solution are taken out and tested with the oxalic acid solution as 
before; the difference shows the milligrammes of lime'precipitated by the 
CO,. Multiply the difference by 0:795, the result is the C.C. of CO, in the 
quantity of air examined. Deduct 60 C.C. from the total capacity of the jar 
(to account for the space occupied by the lime water put in), and state the 
capacity in litres and decimals: divide the C.C. of CO, obtained by the 


corrected capacity of the jar; the quotient is the C.C. of CO, per 1000 
volumes of air. 


EHxample.—The first: alkalinity of lime-water 


ate 39: for 30 C.C. 
ae ee 
After exposure to the air in the 33. 
jar it was, . : ‘ ; ‘a 
Difference, being milligrammes of 6° precipitated by CO, in 
lime, . : ; : ‘ jar. 
Multiply by factor, . . 0-795 
4°770 = Total CO, in jar in CC 


Capacity of jar, . ‘ : : ; . 4385 C.C. 
Deduct 60 CC. for space taken by lime-water, 60 


Net capacity, ; ; é . = 4325 C.C. = 4:325 litres. 
Then 4:770 + 4°325 = 1°103 C.C. of CO, per litre, or volumes per 1000. 


The factor 0-795 is obtained as follows:—The difference between the two 
alkalinities expresses milligrammes of lime precipitated by carbonic acid ; from 


this the milligrammes of CO, can be got, by calculating from the ratios of 
the equivalents thus : 


CaO. CO. Mem. of CaO. Mem. of CO,. 


56 : 44 ¢ 3 a : ne 2 peaxee. 


As one C.C. of CO, at 32° Fahr. (0°. cent.) weighs 1-9767 milligrammes, 
the ratio between weight and volume is —, =0°506; .. x x 0506 =C.C. 


of CO,, corresponding to the milligrammes by weight. As 60 C.C. of lime- 
water were put into the jar, and only 30 C.C. taken, the result must be 








* The amount varies with the temperature, lime being less soluble in hot than cold ha 
at 60°7 the amount @ 88°6 with a difference of +0°l for every degree below that, and—-O'l for 
avery degree above (Fahr.). 
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44 
tnultiplied by 2. Therefore the factors combined are : 5, x 0°506 x 2= 0-795, 
and this, multiplied by a, the difference between the two alkalinities, grves 


a, the total C.C. of CO, in the jar. 

"Tf baryta be used instead of lime, it must be free of traces of potash and soda; 
a much smaller quantity of liquid may be employed, as it is so much more 
soluble than lime ; the calculation is the same. 

A correction for the temperature of the air examined must be made, the 
standard being 32° Fabr., or the freezing-point of water. If the temperature 
be above this (as it will generally be, at least in buildings) the air will be 
expanded, and a smaller quantity, consequently, will be operated on. On the 
other hand, below 32° the air will be contracted, and a larger quantity 
operated on than at the standard temperature. This can be corrected by 
adding 0-2 por cent. to the result for every degree above 32°, and subtracting 
it for every degree below ; the reason being that air expands or contracts 0:2 
per cent. for every degree (or 1 per cent. for every 5 degrees) it deviates from 
the standard. (See Merzoro.oey.) 

Example.—In the preceding example the CO, was found to be 1-103 per 
1000. Suppose the temperature to have been 60° Fahr., then 60 — 32 = 28 
to be corrected for; 28 x 0‘2=5-6 per cent. to be added on to result, or the , 

result must be multiplied by 1-056, ... 1-103 x 1:056=1-154 per 1000, the 
corrected result. Suppose the temperature had been 25° Fahr., then 
32 —25=7° to be corrected for; 7 x 0-2 =1°4 per cent. to be deducted, or the 
result must be multiplied by 1:00 — 014 = 0°986, .:. 1:103 x 0-986 = 1-087, the 
corrected result. 

A correction for pressure is not necessary, unless the place of observation 
be much removed from sea-level ; in that case, the barometer must be observed, 
and a rule of three stated. 


As standard height of bar: observed height) , , e 
(= 29-92 in. =760 mm.): } i of bar: i pe SPACEY 

3. Estimation of Free Ammonia and of the Nitrogenovs Matter in Air by 
conversion into Albuminoid Ammonia.—The nitrogenous matter existing in 
air may be in the form of dead or living matter of very various kinds. Its 
determination may be useful as showing that one or other of these classes of 
substances exists in the air in proportions greater than in pure air. The 
amount of nitrogen may be estimated in a similar manner to that proposed by 
Wanklyn and Chapman for water. The late Mr Chapman,* finding that water 
did not sufficiently absorb the nitrogenous substances in air, proposed to heat 
finely-powdered pumice-stone to redness, to moisten it with pure water, and 
then to place it over some coarse pieces of pumice-stone supported on wire in 
a funnel ; a definite quantity of air (say 100 litres) is then drawn through the 
funnel ; the pumice-stone is transferred to a retort containing water freed from 
ammonia, and distilled as in the determination of the albuminoid ammonia 
of water. (See page 83.) Dr Angus Smith} takes a bottleof about 2000 
C.C. capacity, places in it 30-50 C.C. of the purest water, draws into it the 
air to be examined, and then agitates the water in the bottle, and proceeds 
as in Wanklyn’s and Chapman’s water test. The most convenient way is to 
draw the air through a succession of wash bottles, each containing 100 C.C. 
of water, perfectly free from ammonia, by a measured aspirator, and then to 
determine the free and albuminoid NH, in Wanklyn’s method. 

Another plan is to lead a definite quantity of air through a clean curved 





* Chemical News, Feb. 11, 1870, + Air and Rain, p. 421, 
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tube, surrounded by s freezing mixture ; the water of the air condenses, and 
with it much of the organic matter; the tube is then washed out with pure 
water, the washings are putinto a retort with ammonia-free water, and distilled 
as usual. After passing through the tube the air should be led through pure 
water to arrest the portion of organic matter that always escapes condensation. 

The amount of’ ammonia (free and albuminoid) is determined as in water 
analysis. The mere presence of free ammonia may be determined by exposing 
strips of filtering paper, dipped in Nessler’s solution or in the etherial solution 
of in alcoholic extract of logwood: the former becomes yellow, the latter 
purple. 

The quantity of air drawn through must, of course, be accurately determined 
by a properly arranged aspirator, and the results then calculated in milli- 
grammes per cubic metre.* : 

4, Estimation of the Oxidisable Matters in the Ar in terms of Oxygen.—In 
this case a definite quantity of air is drawn through a solution of permanganate 
of potassium of known strength, and the amount of undecomposed perman- 
ganate is determined by oxalic acid. Or part of the water through which the 
air has been drawn for the ammonia determinations may be examined in 
the same way as in the case of drinking water. The permanganate acts upon 
various matters in the air, besides the putrescible organic matters, such as 
sulphuretted hydrogen, nitrous acid, tarry matters, &c. The presence or 
absence of H,S may be determined qualitatively by means of acetate of lead 
papers, ammonium sulphide by paper dipped in nitroprusside of sodium ; 
whilst tarry matters would generally be recognised by the smell of the water, 
or its turbidity. In the absence of these the difference between the perman- 
ganate determinations, before and after boiling with sulphuric acid, may be 
calculated as nitrous acid, as in the case of drinking water; whilst the result 
after boiling may be reckoned as the oxygen for oxidisable organic matter 
only. f 

The nitric acid may also be determined, in the same way as in drinking 
water, from the washings of the air obtained as above. 

All these determinations should be made, when opportunities offer, as the 
results may prove hereafter of some valuc. 

5. Watery Vapour.—The hygrometric condition of the airis known in van- 
ous ways, especially by the dry and wet bulbs, as explained in the chapter 
on Mzreorotocy. The hair hygrometer is a very useful instrument for this 
purpose, as it marks the degree of humidity much more quickly than the dry 
and wet bulbs. 


SECTION IV. 
SCHEME FOR THE APPLICATION OF THE FOREGOING RULES, 


‘When a ventilation inquiry is about to be made, everything ought to be go’ 
ready before-hand. A number of bottles (about 4 to 44 litres), or glass jars, 
ought to be carefully measured, and the capacity in C.C. (less 60 C.C. to 
account for the lime-water) marked upon them ; each bottle ought also to have 
a closely fitting india-rubber cap and a distinctive number. These bottles aro 
to be used for collecting the samples of air for CO, Charges of lime-water 
(each 60 C.C.) ought to be carefully measured off with a burette, or graduated 


* Qge cubic metre equals 1000 litres, or 1,000,060 CC. 
+ See Reports on St Mary's Hospital by Dr. F. de Chaumont. 
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pipette, into small stoppered bottles. Two or more sets of wet and dry bulb ther- 
mometers ought to be ready, and two or more series of not less than six bottler, 
each containing about 100 C.C. of pure distilled water, connected together 
with glass tubes and india-rubber caps ; also four or more aspirators* for draw- 
ing the air through the bottles. One of Casella’s small air meters, with a long 
pole in joints, into which it can be screwed, a measuring tape and foot rule, 
a pair of bellows, a pocket compass, some pieces of cotton-velvet, a note-book, 
are also necessary. 

en a room has to be examined, enter it after being some time in the 
open air, and notice if there be any smell ; record the sensation at once in your 
notes. Hang up the wet and dry bulb thermometer (if it has not been placed 
there before), and then proceed to take samples of the air for CO,; if 
necessary, attach a piece of india-rubber tubing to the nozzle of the bellows, 
so as to get down to the bottom of the jar. Pump about 50 or 100 strokes ; 
then pour in the lime-water from one of the small bottles, put on the india- 
rubber cap, and shake it up. Always take éwo samples at least, and more if 
a largeroom. Note the numbers of the bottles. Take the wet and dry bulb 
readings, Arrange the set of bottles with distilled water in some convenient 
place, and attach them to one of the aspirators, which may be allowed to flow 
into another below it. When the upper one is empty it may be changed for. 
the lower one, and so the stream of air may be carried on for any length of 
time, as seems necessary,—the number of times the aspirators are changed 
should be duly noted. In determining the carbonic acid, put out all the 
lights, or have only sufficient for working purposes; allow no smoking, and 
have no person in the room but those who are sleeping there. The aspirators 
may be allowed to go on continuously, but the examination of the 
air for CO, ought to be repeated at intervals, the exact time of observa- 
tions being noted. At the same time, similar observations ought to be made 
in the open air, as nearly as possible simultaneously with those inside. At 
some convenient time the measurements of the room and the ventilators, the 
velocities of the currents of air, &c., should be taken on some such plan as the 
following :—Measure the cubic space, then consider the possible sources of 
entrance and exit of air ; if there are only doors and windows, notice the dis- 
tance between them, how they open, on what external place they open ; 
whether there is free passage of air from side to side; whether it is likely the 
air will be properly distributed. On all these points an opinion is soon 
arrived at. If there are other openings, measure them all carefully, so as to 
get their superficies ; the chimney must be measured at its throat or smallest 
part. Determine then the direction of movement of air through these open- 
ings by smoke, noting the apparent rapidity. The doors and windows should 
be closed. "When the inlets have been discovered, consider whether the air 
is drawn from a pure external source, and whether there is proper distribution 
in the room. Then measure the amount of movement in both inlets and 
outlets with the anemometer, or calculate by the table if it seems safe to do 
80. 
If the ventilation: of the room is influenced by the wind, the horizontal 
movement of the external air should be determined by Robinson’s anemo- 
meter, or the little air-meter by Casella may be also used for this purpose. 





* The aspirator is simply a tin box of about one cubic foot (28% litres) in capacity, it is filled 
with water and there is a short tube in the top, to which the tube from the bottle may be con- 
nected by means ofan india-rubhercap. At the bottom there is a tap by which the water can be 
drawn off; as the vessel empties an equivalent bulk of air enters, having ed through the 
bottles. Each time an aspirator is emptied the quantity of air drawn through should be noted ; 
the velocity of the current ought not to be too great, and it can be easily regulated by, the tap. 
1t is well to number the aspirators and mark the capacity on each, as in the case of the bottles. 
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In recording the velocity of the air at any openings, it is convenient to 
mark an incoming current with a plus sign and an outgoing with a minus, 
thus:+75 would mean an incoming current at the mte of 75 feot per 
minute ; whilst-63 would mean an outgoing current at 63 feet per minute. 

When the final analyses are made, and the amount of CO, determined, the 
amount of air per head per hour, supplied and utilised, ought to be calculated 
out (as before explained), and compared with the amount of movement 
determined with the air meter. Ifthe quantities accord fairly, the distribu- 
tion may be considered good; on the other hand, if they differ, an exceas by 
the air-meter shows bad distribution, whilst a deficiency indicates some other 
source of Incoming air not yet observed, 

The water, through which the air has been passed by the aspirator, ought 
to be examined at once, if practicable ; if not, the bottles ought to be carefully 
stoppered, and the stoppers tied down with leather or strong linen,—when 
convenient, the sediment should be examined microscopically, and the water 
(when the sediment has subsided) chemically as before explained. 


CHAPTER V. 


FOOD. 


SECTION L 
GENERAL PRINCIPLES OF DIET. 


A roop is either a substance with a store of potential or latent energy, which 
is capable of being manifested in the body under the form of heat, electricity, 
mechanical movement, formative power (if such a term may be used), &c., 
and which manifestations serve the purposes of healthy life,* or it is a sub- 
stance which aids or permits the manifestation and application of this energy. 
Under the first head come all the substances capable of oxidation (or deoxida- 
tion, or splitting, if it be hereafter proved that energy is manifested or 
transformed during such alterations); and under the second, the substances 
which, though not oxidisable, play an essential part in preparing the conditions 
for chemical changes, such as water and some salts, Neither class, per se, is 
capable of the manifestation of energy, and therefore the title of food is 
strictly applicable only when both classes are present. Indeed, it may be said 
that the full powers as food, even of the first class, are only manifested when 
certain different kinds of aliments which make up the class exist together. 
There must, therefore, be a combination of the so-called foods to maintain 
perfect nutrition. The enumeration and classification of the foods or aliments 
necessary to maintain human life in its most perfect state have been usually 
based on the deduction of Prout, that milk contains all the necessary aliments, 
and in the best form. The substances in milk are—lIst, the nitrogenous 
matters, viz., the casein principally, and in smaller quantities, albumen, lacto- 
protein, and perhaps other albuminous bodies ; 2d, the fat and oil; 3d, sugar 
in the form of lactin; 4th, water and salts, the latter being especially com- 
binations of magnesium, calcium, potassium, sodium, and iron, with chlorine, 
phosphoric acid, and in smaller quantities sulphuric acid. 

In addition to their occurrence in milk, which is admitted to be a perfect 
food for the young, this enumeration of aliments appears to be justified by 
two considerations. First, that the different members of each class, inter se, 
have a remarkably similar composition, while there are broad lines of physical 
and chemical demarcation between the classes; and secondly, that the 
different classes appear to serve different purposes in nutrition, and are all 
necessary for perfect health. 

The first point is obvious enough. The nitrogenous aliments are blood- 
fibrine, muscle-fibrine or syntonin, myosin, vegetable fibrine, albumen in its 
various forms, casein (in its animal and vegetable forms), and globulin. 
Their composition, &c., is remarkably uniform; they contain between 15:4 
and 16°5 per cent. of nitrogen, and may be conveniently distinguished by the 





* The addition that the manifestation of energy in the body serves the purposes of healthy 
nutrition is necessary to distinguish the actions of food from those of medicines or poisons, 
which only serve healthy nutrition indirectly by acting on the processes of unhealthy nutrition. 
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common term of albuminates. They can replace each other in nutrition, 
There are some other nitrogenous bodies, euch as gelatine and chondrin, and 
the substances classed under keratin or elastin, which, though aj proaching in 
chemical characters to the other substances, are not their nutri ra equals, 

The second class consists of the various animal.and vegetable fats, wax, 
é&e., the composition of which is very uniform, and the chief nutritive differ. 
ences of ae pe re on pose aprecperaa of air or aggregation, which 
cause some when acted u alimnen uids, to be more easi 
absorbed than others. oe ere ees 

The group of the starchy and saccharine substances (the carbo-hydrates), or 
of their allies or derivatives (dextrin, pectin), is equally well characterised by . 
chemical resemblances, inter se, and differences from the other groups. The 
several dietetic starches, sugars, including lactin, 8ellulose (whose want of 
nutritive power is dependent on form and aggregation, and which requires 
for digestion a more elaborate apparatus than some animals possess), and the 
various derivatives of the starches, are all closely allied. There has been 
some doubt whether pectin should be classed chemically with the sugar and 
starch group, as the oxygen and hydrogen are not in the proportions to form 
iret ut this is perhaps no objection to its association in a dietetic classifi- 
cation. 

The fourth class, consisting of the salts already noted and of water, needs 
no comment. 

The physiological evidence that these classes of aliments serve different 
purposes in nutrition is not so complete as that of their chemical differences. 

Few will doubt, I persume, that a broad distinction must be drawn between 
the nitrogenous and non-nitrogenous substances. Late researches, which 
have much modified our opinion of the direction in which the potential energy 
of the dietetic principles may be manifested (as heat, or electricity, or mechani- 
cal movement), and of the mode in which the nitrogenous substances in par- 
ticular, aid or restrain this transformation, do not, it appears to me, impeach 
the proposition that the presence of nitrogen in an organised structure, and 
its participation in the action going on there, is a necessary condition for the 
manifestation of any force, or any chemical change. ether, when energy is 
manifested, the nitrogenous framework of any nitrogenous structure is a mere 
stage on which other actors play, or whether it is used up and destroyed, or 
is, on the other hand, built up or renovated during action, is, as far as classi- 
fication of food is concerned, a matter of no consequence. 

The following considerations seem to prove the necessary participation of 
the nitrogenous structures in manifestations of energy. very structure in 
thé body in which any form of energy is manifested (heat, mechanical motion, ' 
chemical or electrical action, &c.) is nitrogenous. The nerves, the muscles, — 
the gland cells, the floating cells in the various liquids, the semen and the 
ovarian cells, are all nitrogenous. Even the non-cellular liquids passing out 
into the alimentary canal at various points, which have so great an action in 
preparing the food in different ways, are not only nitrogenous, but the con- 
stancy of this implies the necessity of the nitrogen, in order that these actions 
shall be performed; and the same constancy of the presence of nitrogen, 
when function is performed, is apparently traceable through the whole world. , 
Surely such constancy proves necessity. Then, if the nitrogen be cut off |. 
from the body, the various functions languish. This does not occur at once, © 
for every body contains a store of nitrogen, but it is at length inevitable. 
Again, if it is wished to increase the manifestation of the energies of the vari- 
‘ous organs, more pitrogen must be supplied. The experiments of Pettenkofer 
and Voit show that the nitrogenous substances composing the textures of the 
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body determine the absorption of oxygen.* The condensation of the oxygen 
from the atmosphere, its conversion into its active condition (ozone), and its 
application to oxidation, are according to their experiments entirely under the 
control of the nitrogenous tissues (fixed and floating), and are apparently pro- 
portional to their size and vigour,} and to changes occurring in them. The 
absorption of oxygen does not determine the changes in the tissues, but the 
changes in the tissues determine the absorption of oxygen. In other words, 
without the participation of the nitrogenous bodies, no oxidation and no 
manifestation of energy is possible. IfI rightly interpret the experiments, 
they show that the absorption of oxygen by the lungs (blood-composition, and 
physical conditions of pressure, &c., remaining constant), is dependent on its 
disposal in the body, and that this disposal is in direct relation with the 
absolute and relative amount and action of the nitrogenous structures. 
Mechanical motion, electricity, or heat may be owing to oxidation of fat or 
of starch, or of nitrogenous substance ; but whatever be the final source, the 
direction is given by the nitrogenous structures. 
The next point is not quite so clear. Are the non-nitrogenous bodies, the 
fats and the starches, to be again broadly separated into two groups, which 
cannot replace each other; or, are these nutritively convertible? It is now 
certain that fat arises from albuminates,{ so that the nitrogenous substance 
‘plays two parts—first, of the organic framework, 1.e., of the regulator of oxi- 
dation and of transformation of energy ; and second, it forms a non-nitrogenous 
substance which is oxidised and transformed. 
The experiments of Edward Smith, Fick and Wislicenus, Haughton, and 
others, on muscular action, prove that we must look for the main source of 
energy which is apparent during muscular action in the oxidation of non- 
nitrogenous substances, but no experiments have yet shown whether these are 
fatty or saccharine. It seems to be inferred that itis fat which is thus 
chiefly acted upon ; but this opinion is rather derived from a reference to the 
universal presence of fat when energy is manifested, to the known necessity 
of it in diet (for though the dog and the rat (Savory) can live on fat-free 
meat alone, man cannot do so),§ and from the large amount of energy its oxida- 
tion can produce, than from actual observation. If it were true, a broad dis- 
tinction would be at once drawn between fatty and starchy food, but it is not 
experimentally proved. If, on the other hand, it were certain that the starchy 
aliments formed fat in the human body as a rule, this would be a reason for 
drawing no distinction between the groups. Independent of the argument 
drawn from bees fed on sugar alone and forming wax, from the fattening of 
ducks and geese, and the older experiments on pigs, the later experiments of 
Lawes and Gilbert|| seem to clearly show that the fat stored up in fattened 
pigs cannot be derived from the fat given in the food, but must have been 
produced partly from nitrogenous substances, but chiefly from the carbo- 
hydrates. So also it seems now probable that the fat in milk is not derived 
at once from blood, but from changes of albumen in the lacteal gland-cells. 
There seems no reason why we should not extend the inference to man. If 
80, a man could live in perfect health on a diet composed only of fat-free 





* i fiir Biologie, band ii. p. 457. See especially the summary of their opinion at 


When to a diet of meat, which causes a certain absorption of oxygen, fat or sugar is added, 
the absorption of oxygen lessens (Ranke, Phys. des Menschen, 1868, p. 145); so that it is rela- 
tive as well as absolute amount which comes into play. 

i According to Hennebey, 100 es of dry albumen can yield 51°4 parts of fat. 

Ranke could not maintain himeelf in perfect nutrition on meat alone, Physiol. des 

Menschen 1868, p. 149. ~ 
j On the Sources of the Fat in the Animal Body, Phil. Mag. Dec. 1866. 
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meat and starch, with salts and ter, just as he can certainly live (though 
perhaps not in the highes th) on meat, fat, salts, and wake The ate 
hydrates would then be proved to be able to replace fats. The experiment 
= not yet been performed to my knowledge, but it seems important it should 
e. 

Grouven’s experiments also suggest that in cattle the carbo-hydrates may 
split up in the alimentary canal into glycerine, lactic, and butyric acids, and 
carbonic acid and marsh gas. If this be true, in the herbivora the starches 
would be merely another form of fat. 

An argument against the fats and carbo-hydrates being mutually replaceable 
under ordinary conditions in the diet of men is drawn from a consideration 
of the diets used by all nations. In no casein which it can be obtained is an 
admixture of starch, in some form, with fat omitted. Moreover, in all cases 
(except in those nations, like the Esquimaux, who are under particular con- 
ditions of food) we find that the amount of fat taken is comparatively small 
as compared with that of starches. Why should this be, if the two groups 
serve virtually the same end? Is it a matter of chance that nature has every- 
where mixed up fat and carbo-hydrates in those foods on which men thrive 
best, or is it this mixture which has aided in making men what they are? 
Analyse almost all the known diets in the world, which are not, so to speak, 
diets of necessity, and they consist (besides water and salts) of nitrogenous 
substances, fat, and starches. If the two latter are convertible, why should 
we not find in some places diets of albuminates and fats only; in others of 
albuminates and starches only? Why should there be this singular 
uniformity of combination? Why, also, should all nations so eagerly seek 
after starches and sugars, even when fats are available, so that it seems almost 
an instinct to desire them? The fats when taken into the body enter like the 
albuminates into the structure of the tissues,* of which fat forms in probably 
all cases an essential part. The carbo-hydrates, on the other hand, in the 
human body do not appear to be parts of the tissues, though they are 
contained in*the fluids which bathe them, or are contained in them. The 
special direction which the chemical changes in the carbo-hydrates.take in the 
body, seem also to point to special duties. Thus, the formation of lactic and 
other acids of the same class must arise from carbo-hydrates chiefly or solely. 
But the formation of these acids is certainly most important in nutrition, for 
the various reaction of the fluids, which offer so striking a contrast 
(the alkalinity of the blood, the acidity of most mucous secretions, of the 
sweat, urine, &c.), must be chiefly owing’ to the action of lactic acid on the 
phosphates, or the chlorides, and to the ease with which it is oxidised and 
removed. If the direction of the changes which the carbo-hydrates undergo 
within the body is different from that of the fats, the products of these 
changes must be inferred to play dissimilar parts. 

Without pushing these arguments too far, and with the admission that the 
subject is very obscure, I think we are entitled to assert that the two groups of 
fats and carbo-hydrates are not so immediately and completely convertible as to 
permit us to place them together in a classification of diets. 

In the second question to which reference was made, viz. that of a nitro- 
genous substance furnishing fat, or a carbo-hydrate, the case is simpler. The 





* The fats appear to s into the body directly and after saponification, which 
renders absorption easy. 6 soap is then, yeigbe a Radziejewski’s experiments (Virchow’s 
Archiv, band xliii. p. 368), reconverted into fat. It has heen supposed that the greater part o 
the tissue fat (fat cells) is not derived in this way, but from the tissue albuminates; but 
Hofmann’s experimits and reasonings (Zeitsch. fiir Biol., band viii, p. 158.) seem to show that 
the ingested fate are stored up largely. Clinical observations certaint y support this view. 


’S3 


190 FOOD, 

. wes and Gilbert, as well as other considerations, 
aa reds Nh - renal be derived from nitrogenous substances, and 
thes are reasons to believe that a glycogenous substance may also be derived 
from albuminates.* It is also probable, though not proved, that these non. 
nitrogenous derivatives may be burnt up in the muscles and other parts, as 
Fick conjectures.¢ But this cannot allow us to consider an albuminate as an 
aliment which may replace fat or starch in the case of man. The digestive 
system of man is framed so differently from that of the carnivore, that fat 
must be taken in its own form, for it either cannot be formed in sufficient 
quantity from albuminates) or ihe = : poisaned by the excess of nitrogen 

which is necessarily absor supp. ; . 

. With to the necessity of all four classes of aliments, it can be 
affirmed with certainty, that (putting scurvy out of the question) men can live 
for some time and be healthy with a diet of albuminates, fat, salts, and water. 
But special conditions of life, such as great exercise, or exposure to very low 
temperature, appear to be necessary, and under usual conditions of life health 
is not very perfectly maintained on such diet. It has not yet been shown 
that men can live in good health on albuminates, carbo-hydrates, salts, and 
water, &c., without fat. f _ 

The exact effect produced by the deprivation of any one of these classes is 
not yet known. -.An excess of the albuminates causes a more rapid oxidation 
of fat (and in dogs an elimination of water), while an excess of fat lessens the 
absorption of oxygen, and hinders the metamorphosis of both fat and albu- 
minate tissues. ‘T'he carbo-hydrates have the same effect when in excess, and 
appear to lessen the oxidation of the two other classes, 

It is now generally admitted that the success of Mr Banting’s treatment of 
obesity is owing to two actions: the increased oxidising effect on fat, conse- 
quent on the increase of meat (especially if exercise be combined), and the 
Jessened interference with the oxidation of fat consequent on the deprivation 
of the starches. 

Health cannot be maintained on albuminates, salts, and water alone; but, 
on the other hand, it cannot be maintained without them. 

The salts and water are as essential as the nitrogenous substances. Lime, 
chiefly in the form of phosphate, is absent from no tissue ; and there is reason 
to think no cell growth can go on without it; certainly in enlarging morbid 
growths and in rapilly growing cells it is in large amount. 

When phosphate of calcium was excluded from the diet, the bones of an 
adult goat were not found by H. Weiske to be poorer in lime,§ because pro- 
bably lime was drawn from other parts; but the goat became weak and dull, 
so that nutrition was interfered with. The lowest forms of life (Bacteria and 
Fungi) will not grow without earthy phosphates. 

Magnesia is probably also an essential constituent of growth in some tissues. 
Potash and soda, in the forms of phosphates and chlorides, are equally im- 
portant, and would seem to be especially concerned in the molecular currents ; 
forming parts of almost all tissues, they are less fixed, so to speak, than the 
magnesian and lime salts. It is alao now certain, that the two alkalies do 





* In addition to physiological evidence from experiments on animals, there are certain 
forms of diabetes which seem to prove that sugar must be formed either from albuminates or 
fat, most probably the former. 


+ Archiv, fiir ges. Phys. band v. p. 40. 
t In some experiments I have made both with Liebig’s essence of meat and Hassall’s dried 


food with bread, [was very much struck with the effect: produced on the health of the 
experimentators, and with the immediate relief given by the addition of butter and a larger 
supply of starch, without augmentation in the amount of nitrogen, = ' 

Zeits. ftir Biol. band. vii. p. 179. 
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not replace each other, and have a different distribution; and it is so far 
observable, that the potash seems to be the alkali for the formed tissues, such 
as the blood cells or muscular fibre ; while the soda salts are more largely con- 
tained in the intercellular fluids which bathe or encircle the tissues. 

The chlorine and phosphoric acid have also very peculiar properties,—the 
former apparently being easily set free, and then giving a very strong acid, 
which has a special action on albuminates, and the latter having remarkable 
combining proportions with alkalies, Both are furnished in almost all food ; 
the sodium chloride also separately. Carbonic acid is both introduced and 
made in the system, and probably serves many uses. Iron is, of course, also 
essential for certain tissues or parts, especially for the red-blood corpuscles, 
and for the colouring matter in muscle, and in‘small quantity is found almost 
in every tissue, and in every food. The sulphur and phosphorus of the tissues 
appear to enter especially as such with the albuminates. 

Some salts, especially those which form carbonates in the system, such as 
the lactates, tartrates, citrates, and acetates, give the alkalinity to the system 
which seems so’ necessary to the integrity of the molecular currents. The 
state of malnutntion, which in its highest degree we call scurvy, appears to 
follow inevitably on their absence; and as they exist chiefly in fresh vege- 
tables, it is a well-known rule of dietetics to supply these with great care 
though their nutritive power otherwise is small. So important are those 
substances, that they might well be placed in a separate class, although Dr 
Pavy remarks that “these principles are hardly of sufficient importance, in 
an alimentary point of view, so called, for their consideration under a distinct 
head.” Surely, this is an under-estimate of their importance, considering the 
inevitable malnutrition that follows on their absence. 

In addition to the substances composing these four classes, there are others 
which enter into many diets, and which have been termed “accessory foods,” 
or by some writers “force regulators” (like the salts). The various condi- 
ments which give taste to food, or excite salivary or alimentary secretions, 
and tea, coffee, cocoa, alcohol, &c., furnish the chief substances of this class. 
Much discussion has taken place as to the exact action in nutrition of these 
substances, but little is definitely known. They may possibly undergo 
chemical action (oxidation or splitting), or, without doing so, may enter into 
combination with gland cells or tissues, and modify the currents or molecular 
movements, and thus be entitled to the term of “force regulators,” but it is 
impossible at present to assign to them their true action. 

I have entered so far into this subject chiefly for the purpose of showing 
why I believe the old classification of aliments to be correct, and why, what- 
ever may be the future direction of physiology, it is not likely to be seriously 
affected. 

Admitting the necessity of a certain amount of each of the four classes for 
a perfect diet, it has now to be inquired what quantity of each class is neces- 
sary, and how the latent energy in each class may be best secured for the 
purposes of the body. 


Sus-Szotion L—Quantiry or EacH Crass oF Proxmats ALIMENT IN A 
Goop Diet ror Heautay Men, 


This has been determined partly by observation on a great number of 
dietaries, and partly by physiological experiments, The general result of the 
whole are given ip the following table :—. 
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Standard diet * for a Male European Adult, of average height (5 ft. 6 in. to 
5 ft. 10 tn.) and average weight = 140 lbs, av. (66 kilogrammes) to 160 
lbs. )72°7 kilogrammes), in moderate work. 





Water-free Substances given Daily. Ounces Avoir, Grammes., 
Albuminous substances,. . . . 4587 130 
Fatty substances,. . . . . . 2°964 84 
Curbo-hydrates, . . . . . . 14°257 404 
Salts, e 2 e s s e e e e e 1 "058 80 

Total water-free food, . . 22°866 648 


Assuming the water-free food to be 23 ounces, and a man’s weight to be 
150 tb, each Ib weight of the body receives in 24 hours 0°15 ounces, or the 
whole body receives nearly +4, part of its own weight. 

This is the dry food, but a certain amount of water (between 50 and 60 
per cent. usually), is contained in it, and adding this to the water-free solids, 
the total daily amount of so-called dry food (exclusive of liquids) is about 40 
ounces. In addition to this, from 50 to 80 ounces of water are taken in some 
liquid form, making a total supply of water of 70 to 90 ounces, or on an 
average 0°5 ounces for each Ib weight of body. 

This average amount of food and water varies considerably, from the fol- 
lowing causes :— 

1. Individual conditions of size, vigour, activity of circulation, and of the 
eliminating organs, &c. No men eat exactly the same, and no single standard 
will meet all cases.* The usual average range in different male adults is from 
34 to 46 ounces of so-called solid food, and from 50 to 80 ounces of water. 

2. Differences of exertion. If men are undergoing great exertion they 
take more food, and, if they can obtain it, the increase is especially in the 
classes of albuminates and fat. 


* I have copied this table from Moleschott. The numbers are generally received, and are 
fairly accordant with the observations of numerous other writers. Pettenkofer and Voit give 
the following (Zeits. fiir Biol. band ii. p, 523) as the calculation for soldiers :— 


Dry albuminous substances, . . . . aa grammes = ie ounces. 
t . 


F at, . e ° ° ry . ° . e 99 oe ”o » 
Carbo-hydrates, . e ° e ° ° 378 9 = 133 99 
This gives rather more albuminates and fat and less starch than Moleschott’s table. In the 
experiments with two healthy men in their experimental-room, the amount was, albuminates 
13) grammes ; fat, 117 grammes; and carbo-hydrates, 352 grammes daily. Ranke, however 
gives rather lower numbers—viz., 100 grammes of albuminates, 100 of fat, and 240 of starch 
(Phys. des Mem. 1868 p. 158), for moderate work. 

+ This has been well exemplified in our convict prisons, in which, as a matter of convenience, 
soldiers are sometimes confined. The ordinary diet, which is sufficient for the convict, ‘is in- 
sufficient for the soldier, and that for sev reasons: 1. The convict is a smaller man on 
the average ; 2. The previous life of the convict is an irregular one, in which his food is 
generally insufficient, whereas the soldier’s life is usually the opposite, his food is fairly good 
and his meals regular. 38. The crimes for which the convict is imprisoned are crimes against 
society, and his removal to a prison cannot be considered much of a degradation morally, 
whereas his physica] condition is really improved. On the other hand the soldier’s crime is 
often one of a military character only, hence his removal to a pron is a moral d tion: 
especially if it be a convict prison. The result is, that, whilst the majority of the civil 
prisoners retain their weight or even gain, the majority of soldier prisoners lose. It is also found 
that age has an effect, the older men losing, the younger generally gaining. Length of sentence 
has also an influence, ly on account of some difference of diet and work, but probably 
chiefly on account of the system ultimately accommodating itself to the altered conditions. 
Thus the men who lose weight are, the heaviest originally, the oldest, those with shortest 
sentences ; those who are stationary or gain weight are, the lightest originally, the youngest, 
those with longest sentences. For the data, from which the above orncluaions ate drawn, 
I am indebted to Surgeou-major J. G. Marston, M.D. (F. DE C.) 
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Average Daily Water-free Diet required for an adult Man in very laborious 
~~ ~~ or of a Soldier on Service and in the Field. 


Ounces avoir. 
Albuminates, . ; . : , 6 to 7 
Fats, . ‘ ; : : ; 35 to 4°5 
Carbo-hydrates, ; - 16 to 18 
Salts, : ; ; : : ; 12 to 15 
Total water-free food, ; . 267 to 310 


The amount of water is increased, but is very various according to circum- 
stances, and is not so much augmented apparently as the solid food. On 
the other hand, men in rest will usually eat less; at any rate, the weight and 
health of the body can be maintained on less. 


The Average Daily Dict of Men in Quietude. 


Subsistence diet (Pluyfair)t 
Rest. ¢.e., sufficient for the inter- 


nal mechanical work of the 
body. 
Albuminates, , : : 2°5 
‘ats, i — : 1 ‘5 
Carbo-hydrates, : . 12 12 
Salts, ; : 5 5 
Total water-free food, » 160 15:0 


The subsistence diet, though it will keep a man alive, will probably not 
prevent him from losing weight, and therefore is not really sufficient. 

In convict prisons, Dr Wilson tells us that the men on light labour receive 
224 grains of nitrogen and 4651 grains of carbon, and this is sufficient. 
Those on hard labour receive 255 grains of nitrogen and 5289 grains of 
carbon, and on this diet they lose weight, and have to be continuously shifted 
from heavy to lighter work. In the case of military prisoners at hard labour 
even 282 grains of nitrogen and 5373 grains of carbon were insufficient to 
prevent men losing weight.{ In India an improved diet was introduced by 
the late Surgeon-General Beatson, in which the nitrogen was about 300 grains 
and the carbon about 5300. This appears to have been sufficient to prevent 
loss of weight, although there was a deficiency of fat. 

3. Differences of climate. It is a matter of general belief that more 
food is taken in cold seasons and in cold countries than in hot. It is sup- 
posed that more energy in some form (finally in that of heat) is necessary, 
and more food is required; but there may be other causes, such as varying 
exertion. 

In the case of any diet the articles of which are known, the amounts of the 
four classes of alimentary principles may be calculated from a table of mean 
composition, The following table is compiled from, in most cases, several 


* Playfair gives the-diet of a prize-fighter in training as 9°8 oz. albuminates, 3:1 fats, and 
3°27 starch and sugar. There were 690 grains of nitrogen, and 4366 grains of carbon. _ 
_ t+ The amount of two ounces of albuminates is that fixed by Playfair (Food of Man in rela- 
on to his useful Work) as furnishing by calculation thé amount of force sufficient to carry on 
she internal work of the body, Although our views are now somewhat modified on this point, 
believe the numbers express pretty accurately the actual food which will keep a man alive, 
t Recently changes have been introduced, but hardly for the better, it is to be feare:l. 
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analyses by different authors, those analyses being selected which seem beat 
to represent.the food of the soldier.* | 2 , 

Whenever practicable, the nutritive value should be calculated on the raw 
substance, as the analyses of cooked food are more variable. It must then 
be seen that no loss occurs in cooking. 

The mode of using the table is very simple ; the quantity of uncooked meat 
or bread being known, and it being assumed or proved that there is no loss in 
cooking, a rule-of-three brings out at once the proportions. Thus, the ration 
allowance of meat for soldiers being 12 oz., 2°4 oz. or 20 per cent. is deducted 
for bone, as the soldier does not get the best parts. The quantity of water 
in the remaining 9°6 ounces will be ones = 7°2, and the water-free solids 
will be 2°4 ounces. The albuminates will be 1°44 ounce; the fats, ‘8064 ; 
and the salts, ‘1536 ounce. 

In the case of salt beef or pork, it is not certain how the value should 
be calculated. The analysis by Girardin gives for uncovked salt beef 
(American) — 

49-11 per cent. of water, 
24°82 ,, fibrin and cellular tissue, 


3°28 ~—C,, extractive matters, 
70s, albumen, 
18 a, fat, 


21°07 ~=C«s, soluble salts ; 


but the analysis of the brine shows that much of the nutritious matters, 
organic and mineral (phosphoric acid, lactic acid, magnesia), have passed out 
of the meat. { Liebig has reckoned the nutritive loss at one-third, or even 
one-half. It appears from Kiihne’s observations, that myosin is soluble in a 
10 per cent. solution. of chloride of sodium, and hence a large quantity of 
this substance necessarily passes into the brine. Analyses show, it is true, a 
Jarge percentage of fibrin and cellular tissue, in salt meat, but this is made 
up of indigestible nitrogenous substances, which atford, probably, little real 
nutritive material, Perhaps salt beef may be reckoned as equal to two- 
ae quantity of fresh beef; this estimate is certainly quite high 
enough. § 


* Of course such tables are merely approximative; but they are very useful as pivi 
general idea of a diet, although they are not accurate anoegh to be he in physiological 
mqul.ies. 

+ Se Hendu cheilee 

t Liebig found that the brine is saturated with the juice of meat, and Mr Whitelaw (Chemé 
News, March 1864) has shown, that extract of meat may be obtained by dialysis from the brite 

§ In the accompanying table several articles have been added which are likely to come within 
the diet of soldiers or sailors, either on duty or in hospital, such as salt beef and pork, bacon 
ph oe jpouy, cream, ee and pemmican. ; : 

e Coo ec given in the table may be taken as fairl i i i 
rary counting ere y airly representing the soldier’s ration 

Among the articles not included in the table are some of the preserved meats i 
duced, particularly the Compressed Corned. Beef, prepared by the Wilson Desking Oomeany 
Chicago,—which is likely to be used as a field ration for our army, both during war and in 
manceuvres in time of peace. It is excellent meat, very palatable and highly nutritious, being 
ready cooked and in a very convenient form for carriage on the march, It is stated to be equal 
to more than double the quantity of uncooked meat, and this is fully borne out by analysis, 
aa it contains about 60 per cent. of solid matter, of which about 40 are albuminates, 16 fat 
and 5 salts ;—the nitrogen is over 6 percent. Half a pound would form an ample ration for 
the field, with the one eee of bread or biscuit, &c. As it is merely corned, and not 
copied like ay t meat, It is probable that its constituents may™be allowed their full 
nutritive value. 
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Table Jor Calculating Diets. 









In 100 Panss. 















Articles. 
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Meat of best quality, with little fat, * : 
like beefateaks, A : ; ; 20°5 35 
Uncooked meat of the kind supplied to 
soldiers,—beef and mutton. Bone 
constitutes }th of the soldier’s allow- 
ance,” . é ‘ , ; ‘ 
Uncooked meat of fattened cattle. 
Calculated from Lawes’ and Gilbert’s 
experiments. These numbers are to 
be used if the meat is very fat, _. 
Cooked meat,t roast, no dripping being 
lost. Boiled assumed to be the 
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Salt beef (Girardin), ; . 
»» pork (Girardin), : ; 
Fat pork (Letheby),. 
Dried bacon (Letheby), 
White fish (Letheby), 

Poultry (Letheby), . . . ~ .- 
Bread, white wheaten, of average 
quality, : ; . ; . 

Wheat flour, average quality, 
Biscuit, . , : 
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Rice, P . : 

Oatmeal (Letheby),t 

Maize (Poggiale), . ‘ 

Peas (dry), ‘ ; 

Potatoes, || ; : , ; 
Carrots (cellulose excluded),||  . 
Cabbage, || ° : . 
Butter, ; ‘ ‘ : 
Figg (10 per cent. must be deducted for ) 

shell from the weight of the egg), . } 

Cheese, . : ‘ ? ‘ , 
Milk (sp. gr. 1030 and over), 7 

»» (sp. gr. 1026), . ‘ ° | 
Cream (Letheby), . : ; bs 
Skimmed milk (Letheby), 
Sugar, . . ‘ , 
Pemmican (de Chaumont)** 
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The precise amount of the mineral matters of the various articles can be 








* The gelatine of the meat is reckoned with the albuminates : itis not certain what deduction 
nonle be made on account of its lower nutritive value, which is about }th that of albumen 

ischof). 

+ Thee numbers are taken from John Ranke’s analysis. 

t I have determined the nitrogen in good Scotch oatmeal, and the results are almost identi- 
al with Letheby’s. I have therefore omitted Von Bibra’s analysis given in the 3d edition. 

lice is also some indigestible cellulose in maize, peas, and carrots, which is not included 
n the table. 

| Professor Attfield (Report of Committee on Scurvy, 1877, p. xlv. et seg.) gives rather different 
igures, reckoning the albuminates a good deal higher. 

{| These numbers are probably rather high. oe 
** The sweet pemmican used in the Arctic Expedition of 1875-6 was similar to the above 
the ordinary pemmican used in the same Expedition) with. the addition of about 5 per ceut. 
f cane sugar. In other cases, particularly in the American pemmican, raisins and currants 
re added. (See Report of Committee on Scurvy for analyses by Professor Frankland and 
x de Chaumont), eA little pepper is added, not reckoned quantitatively in the above 
nalysis, but probably included in the ‘‘loss,” 4.¢., the difference between the sum of the 


bove constituents and 100. 
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calculated when necessary, from the analysis given under the head of each 
article, 

The proportion of the nitrogenous substances to the fats and carbo-hydrates 
are in the standard diet as follows :— 

Albuminates, ; 4 : I 

Fat, ‘ , 

Carbo-hydrates, ; 
This is as 1 of nitrogenous to 3°6 of non-nitrogenous; but as is often done, 
if 1 part of fat be reckoned as equal to 2°4 parts of starch, the proportion 
will be 1 of dry nitrogenous to (‘6 x 2°4) + 3), 44 nearly of dry non-nitro- 
genous or carboniferous substances, taken as starch. 

Amount of Nitrogen and Carbon.—As the phenomena of nutrition are 
chiefly owing to the various chemical interchanges of nitrogen and carbon, 
and in some cases of hydrogen, with oxygen, it may be desired to calculate 
the amount of nitrogen and carbon in any diet. This may be done in two ways. 

1. Calculate out the dry albuminates, fat, and carbo-hydrates in ounces, 
and then use the following table. 


Nitrogen and Carbon in grains. Nitrogen. Carbon. 
1 ounce of water-free albuminate, 69 233* 


1 ounce of water-free fat, : : ae 345°6 
1 ounce of water-free carbo-hydrate (except lactin), 194:2+ 


If the diet be largely of milk, the amount of lactin (milk carbo-hydrate) 
must be determined ; 1 ounce of lactin contains 175 grains of carbon. 

2. In the following table, the calculation of these ingredients per ounce 
has been made; the substance being supposed to be in its natural state, and 
to have the composition already assigned to it in the former table. 


csmatamnand 


6 nearly. 





One ounce (= 437°5 grains) contains in its natural state 














Substance. SEE Ok. inns 
' "Water. Nitrogen. | Carbon, Salts, 

Uncooked meat (beef), : , 328 10°35 64 | 
Uncooked fat meat (beef), . ‘ 275°6 9°6 98'3 16 
Cooked meat, . : : . 236 19 117°7 13 
Salt beef, . : : : ; 215 20°4 69°7 92°3 

» pork, . , ‘ ‘ ; 192 18°0 85°0 99°7 
Fat pork, . : ‘ : : 170 6°8 192°0 10°1 
Dried Bacon, _.. ‘ : : 65°6 61 273°8 12°7 
White fish, : F j , 341 11°5 52°4 4°4 
Poultry, . . . ... 824 14'5 62:0 5-2 
Bread, ; ; , ‘ ‘ 175 5°5 119 5°6 
Wheat flour, ‘ ; ‘ 65'6 76 169 74 
Biscuit, . ; ‘ ‘ : 35 22°7 188 74 
Rice, . ‘ ; : : ‘ 43°7 3°5 176 2°2 
Oatmeal, . ‘ P : , 65°6 8°7 172 13 
Maize, ‘ : : , ; 59 7 176 6 
Peas, . A j : ‘ ; 65°6 15 161 10 
Potatoes, . ‘ ; , : 824 1 49 4°4 
Carrots, . ; ‘ : , 398 "4 18 8 
Butter, ‘ ; ‘ ‘ : 26 2 $15 11°8 
Egg, - . : : : : 321 9°3 71°5 4:4 
Cheese, ‘ , : é . 161 23 162 23°6 
Milk, . ; , é ° ; 880 2°75 30°8 2°6 
Crean, 2 , ; ; 289 1°9 93°5 79 
Skimwed Milk, . : ; ; 885 2°8 250 8°5 
Sugar, ° . ° e ° 18 eos 187 2 
Pemmican, ‘ ‘ ‘ ‘ 31 24°3 273°5 8:0 





* After deducting the carbon of urea, the number is 203. 
+ These numbers are thus obtained : the various dry albuminates contain from 15°4 to 16°4 
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Some additions must be made to this table. I found the steak used for 
the patients at Netley to contain as much as 14:22 grains of nitrogen per 
ounce,* and this number should be used for the best hospital steaks and 
chops. Hospital bread contains only 3°6 grains of nitrogen in each ounce of 
crumb, and 4°78 in each ounce of crust.+ 


The standard daily diet for an adult man, calculated in this way, gives— 


Nitrogen, . : ; : , 3165 grains, 
Carbon, . ; ; . 4862 9 
Salts,. : : : 461 A 


Not infrequently the standard is stated as 20 grammes of nitrogen, and 300 
grammes of carbon ; this is equal to 308-6 and 4629 grains. 

The usual range is from 250 to 350 grains of nitrogen for adult men, and 
the extreme range is from 2 to 7 ounces of dry albuminate, or from 138 grains 
of nitrogen (which is the smallest amount necessary for the inner movements 
of the body, and the bare maintenance of life, as calculated by Playfair), 
to 483 or 500 grains, which is the amount taken under very great exertion, 
Edward Smith’s careful observations on ill fed and fairly fed operatives, give 
a range of from 135 grains of nitrogen and 3271 grains of carbon (in London 
needlewomen) to 349 grains of nitrogen and 6195 grains of carbon (in Irish 
farm labourers). Usually, however, in what are almost starvation diets, the 
nitrogen is 180 to 200 grains, and the carbon from 3900 to 4300 grains 
(Edward Smith’s investigations into the food in Lanczashire during the cotton 
famine). The carbon ranges in various diets, from 3600 to 5800 or 6000 
grains. The amount of the salts (461) appears rather large ; it is difficult to 
test it by determining the salts in the excreta, as so much sodium chloride 





per cent. of nitrogen. I have seleeted 15.8 for the range for European diet, as it represents the 
nitrogen of syntonin; there is also 53°5 per cent. of carbon ; fat contains 79 per cent., starch 
and sugar 44°4 and lactin 40 per cent, of carbon. I have not taken into account any hydrogen 
in excess of that forming water with the oxygen of the food. If this be calculated from the 
fat it will give 2 mean of about 48 grains per ounce, in the albuminates about 8°6; albuminates 
also contain about 8 grains of sulphur. 

* Some discussion has lately taken place with regard to the amount of nitrogen in meat nearly 
free from fat. Voit has stated the mean amount at 3°4 per cent. pels a (Zeitsch. fir Bio- 
logie, band vii. p. 354) estimates it at 3°3. Petersen (Ibid. p. 166) makes the mean numbers 
3°29 per cent. in fat-free beef; 3:25 in pork ; 3°15 in mutton; 3°18 in veal; and 3°4 in horse. 
In poeees (fat-free nearly) I found it to be 3°25. Huppert’s numbers seem to be nearest the 
truth. 

It has been stated by Toldt and Nowak that combustion with soda-lime does not give 
all the nitrogen in meat, and that Dumas’ oxide of copper analysis must be used. But Petersen’s 
careful trials (Zeitsch. fir Biologie, band vii. p. 166) do not confirm this ; and the results of the 
two methods were extremely. close, as the following experiments show :— 


eee a8 a tetas Soret erent ere ttl ne 








net = monte ee ate 


Per cent. of Nitrogen. 











Soda-lime burning. "Oxide of Copper. 
Beef (shoulder), é A 3°3 3°36 3°41 3°35 
Beef (leg), a ee 3°24 3°24 3-29 3°30 


And as Fresenius found the oxide of copper gave slightly too high results (‘2 to ‘5 per cent.), 
the difference should be still less. In some later experiments, published by Seegen and Nowak 
(Zeitsch fiir die ges. Phys. band vii. P. 284), they found that the soda-lime always gave too 
little nitrogen, the error (as compared with the copper oxide) bey as a mean about 1°5 per 
cent. Marcker (Archiv fiir die ges. Phys. band viii. p. 195, 1878) has since given evidence 
i to these results, and considers the soda-lime determination as much nearer the truth 


0 
than Seegen and Nowak assert. ; 

+ ag a analyfes give considerably higher amounts, See Reports on Hygiene, Army 
Med. Reports, vol. xviii, (F. de C.) 


198 FOOD. 


and lime salts are lost through the skin, and some of the corure salts sae 
also be mere surplusage. ‘The salts seem to be made up of = ree a2 
grains ; phosphoric acid, 50 grains ; potash, 40 ; soda, 40; lime, : oo ' iis : 
by the urine,* and some by the bowels; magnesia, 4‘7 grains by the eres 
and a considerable amount by the bowels; and iron, the amount of which 1s 
quite uncertain. 

Actual experiment has, to a great extent, confirmed the conclusions drawn 
from a study of these dietaries. Pettenkofer and Voit, in two healthy men, 
determined many times the amount of nitrogen during common exercise, and 
found it to be 19°82 grammes, or 305°8 grains, I have experimented on four 
healthy average men in common work, and found the amount which kept 
them in perfect health and uniform weight was 293 to 305 grains of nitrogen 
in twenty-four hours, All these determinations are near Moleschott’s numbers. 
The amount of carbon is, however, perhaps too large. In Ranke’s careful oxperi- 
ments in a state of rest, there were consumed by a man 160°6 fb weight, 240 
grains of nitrogen, and 3531 grains of carbon ; as a rule, the later experiments 
show that the amount of carbon was put too high. A certain proportion 
between the carbon and nitrogen ought to be maintained; in the best diets 
this is: Nitrogen 1 to carbon 15.+ 


Sus-Section I].—On tar Eneray OBTAINABLE FROM THE VARIOUS 
ARTICLES OF Foon. 


The possible amount of enargy which can be manifested in tho body will 
be the result of two conditions ; first, the amount of potential energy stored 
up in the food, which is, of course, easily determined and expressed in terms 
of units of heat or of motion; and second, the extent to which the 
processes in the body can liberate and apply this energy. For example, an 
ounce of albumen can give rise to a certain heating effect if it be burnt in 
oxygen ; but in the body thorough oxidation can never occur, for some (about 
ono-third) of the constituents of the albumen pass out incompletely oxidised in 
the form of urea. An ounce of sugar, on the other hand, is as a general rule 
destroyed to the fullest extent, and ends in carbonic acid and water, and its 
actual cnergy in the body, under whatever form it appears, is equal to its 
theoretical energy. 

Tables have been given by chemists showing the amount of energy which 
may be manifested. The results have been obtained in some cases by calcu- 
lation, and in others by direct experiment. In the following table I have 
selected Dr Frankland’s experimental results as the most exact, but they agree 
very closely with the theoretical results, particularly with those given 
by Playfair{ and others. Thus Playfair calculated that one ounce of dry 
albumen would give riso by oxidation to heat sufficient to raise 126°5 
kilogrammes of water 1° cent, or to lift 173 tons 1 foot high,§ while 
Frankland’s experimental number is almost identical—viz., 168-68 tons, lifted 
a foot. 





* Thave followed Byasson in this and in the amount of magnesia in the urine, as his experiments 
ee ee, is —L' Actwité Cérebrale et la Composition des Urines, par le Dr H. Byassun, 
aris, » p. 48. 
+ The Soldier's Ration, by F. de Chaumont, Sanitary Record, Feb. 5, 1876. 
On the Food of Man in relation to his useful Work. 1865. 
For an explanation of this term, see the chapter on EXERCISE. 
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Energy developed by One Gramme or One Ounce of the following Substances 
when oxidised in the Body :— 








One ounce will equal 


foot-tons of energy, or. 
Name of Substance, Poet HeeraEncese at ore tee 
energy. pubes of on 1 foot 
igh, 
Beef (lean), er ; 70°5 604 55 
Veal (lean), ; : ; 70°9 496 45'3 
Ham (lean, boiled), . ; 54°4 711 64'°9 
**Salt beef, , : : 49°] 569 52 
** ., pork, : : : 44°] 751 69 
**Fat pork, ; : : 39°0 2200 201 
**Dried bacon, . : ; 15:0 3195 291 
**White fish, . . : 78:0 470 43 
**Poultry, . : ; ; 74°0 556 51 
Bread crumb,t . : : 44 910 83 
Flcur, F : : es 1627 148°5 
Ground rice, 1591 145°3 
Oatmeal, 1665 152 
Pea meal, : ‘ : aoe 1598 146 
Potatoes, . ‘ . . 73 422 38°5 
Carrots, . : : , 86 220 20 
Cabbage, . : : ‘ 88°5 178 16'2 
Butter, ; ; , ais 3977 280°9 
Egg (white of), . : ; 86°3 244 22°3 
Keg (yolk), , ‘ 47 | 1400 127 
Cheshire cheese, . : : 24 1846 168°5 
Arrowroot, : : : oh 1657 151°3 
Milk, Se Oe 87 266 | 24°3 
**Cream, . ; ' ; 66'0 1045 | 96 
**Skimmed milk, ; ‘ 88°0 213 19°6 
Sugar (lump), . . ; or 1418 129°5 
**Pemmican, : ‘ ‘ 7°2 3000 275 
Ale (Bass’ bottled), .  . 88°4 328 30 
Porter (Guinness’ Stout), 88:4 455 41°5 


Oe i ee 
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A table of this kind is useful in showing what can be obtained from our 
food, but it must not be supposed that the value of food is in exact relation 
to the possible energy which it canfurnish. In order that the energy shall be 
obtained, the food must not only be digested and taken into the body pro- 
perly prepared, but its energy must be developed at the place and in the 
manner proper for nutrition. The mere expression of potential energy cannot 
fix dietetic value, which may be dependent on conditions in the body 
unknown to us. For example, it is quite certain, from observation, that 


* The first and second columns except those marked **, which are calculated from the 
analyses, are taken from Dr Frankland’s pepe in the Philos. Mag., Sept. 1866, p. 196. The 
third column is calculated from the second, by multiplying by 28°35 (the number of grammes 
in an ounce avoirdupois), and then hy ‘003229 to bring metre-kilo-grammes into foot-tons, 
or directly by 0091. The substances are not dried, but in their natural state. 


One ounce of dry albuminate yields. , ; ‘ foot-tons of potential energy. 
” » fat, . , : : 3 . 37 ” 2 
“3 », Starch, . ‘ ; : - « 185 a se 
” »  Cane-sugar, . . : : » 129 ” ” 
3 y» lactinor glucose, . ° , . 122 3 +3 
One grain of carbon (converted into COg), ; ; 0-701 sé, ‘i 
Pe hydrogen (water), , . ‘ 3°000__—sé="», Pn 
ue sulphur (SO I, ; ? : ‘ : 0-205 _ ,, 55 
ss phosphorus { Os), ° e 8 0'510_séz, ” 
carben (forming wu 0198 ,, ” 


rea),. 2 6 
. t The crust of bread is very nearly double the amount, 
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gelatine cannot fully take the place of albumen, though its potential energy is 
little inferior,* and it is easily oxidised in the body. But owing to some cir- 
cumstances, yet unknown, gelatine is chiefly destroyed in the blood (?) and 
gland cells, and its energy, therefore, has a different direction from that of 
albumen. So also of the potential energy, jit is quite possible that all is not 
usefully employed. The tables of energy give broad indications, and can be 
used in a general statement of the value of a diet ; but at present they do not 
throw light on the intricacies of nutrition. 


Svus-Sgeorion II.—On tae Revative Vas or Foop oF THE SAME Crass. 


The chemical composition of animal and vegetable albuminates is very 
similar, and they manifestly serve equal purposes in the body. The meat- 
eater, and the man who lives on corn, or peas and rice, are equally well 
nourished. But it has been supposed that either the kind or the rapidity of 
nutrition is different, and that the man who feeds on meat, or the carnivorous 
animal, will be more active, and more able to exert a sudden violent effort, 
than the vegetarian, or the herbivorous animal, whose food has an equal po- 
tential energy, but which is supposed to be less easily evolved. The evidence 
in favour of this view seems to me very imperfect. The rapid movements of 
the carnivora have been contrasted with the slow, dull action of domestic 
cattle ; but, not to speak of the horse, whoever has seen the lightning move- 
ments of the wild antelope or cow, or even of the wild pig, who is herbivorous 
in many cases, can doubt that vegetable feeders can exert a movement even 
more rapid and more enduring than the tiger or the wolf? And the evidence 
in men isthe same: In India, the ill-fed people, on rice and a little millet or 
pea, may indeed show less power; but take the well-fed corn-eater, or even 
the well-fed rice and pea-eater, and he will show, when in training, 
no inferiority to the meat-eaters. An argument has been drawn from the 
complicated alimentary canal of the herbivora, but probably this is chiefly in- 
tended to digest the cellulose, and the digestion and absorption of 
albuminates may be as rapid as in other animals. 

It appears from Dr Beaumont’s experiments that animal food is digested 
sooner than farinaceous, and possibly meat might therefore replace more 
quickly the wasted nitrogenous tissue than bread or peas ; and it may be true, 
as asserted, that the change of tissue is more quick in meat-eaters, who 
require, therefore, more frequent supplies of food. Even this, however, seems 
to me not yet thoroughly proved. 

It has been also supposed that there is a difference in the nutrition of even 
such nearly-allied substances as wheat and barley, but the evidence is imper- 
fect, and is perhaps dependent on differences in ease of digestion. 

With respect to the fats, their differences of nutrition are probably 
dependent entirely on facility of digestion and absorption. The animal fats 
appear easier of absorption than the vegetable. Berthé+ found that in addi- 
tion to the fat in his ordinary diet, he could absorb 30 grammes, or 1-059 
ounces of cod-liver oil, butter, or other animal oil; in some instances 132 
ounces were absorbed. Of vegetable oils only 20 grammes, or 0:7 ounces, 
were absorbed. When, in experiments with cod-liver oil, 40 grammes were 
taken, 31‘5 were absorbed, 8:5 passed by the bowels; when 60 grammes were 





* One pe of dry isinglass will develop 4520 heat-units when burnt in oxygen ; one 
gramme of dry boiled ham, 4348 ; one gramme of dry beef, 5313 heat-units. (Frankland, op. 
cit, p. 196.) The potential energy of isinglass is more than that of ham, but its nutritive 
power is far inferior. : 

_ } Ludwig's Phys. band ii. p. 668. 
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taken, 48 were absorbed and 12 passed. But when he took 60 grammes 
daily, the amount of fat in the feeces gradually increased, until 50 grammes 
daily passed off in that way. In the dog, however, Bischoff and Voit found 
that 250 and 300 grammes (8°8 and 10°5 ounces) of butter were easily 
absorbed. During the digestion of the fats they are, probably, in part 
decomposed ; and the fatty acids, like the acids derived from the starch, must, 
to a certain extent, antagonise the introduction of alkali in the food. 

The various carbo-hydrates are generally supposed to be of equal value. 
Starch requires a little more preparation by the digestive fluids than grape 
sugar, into which it appears first to pass; but the change is go rapid that it 
can hardly be made a point of difference between them. It is observable, 
however, that even when sugar is very cheap and accessible, it is not used to 
entirely replace starch ; but this, perhaps, may be a matter of taste. 


Sus-Ssction [V.—Tue Dicestipmiry oF Foon. 


In order that food shall be digested and absorbed, two conditions are 
necessary ; the food must be in a fit state to be digested, and it must meet in 
the alimentary canal with the chemical and physical conditions which 
can digest and absorb it. 

Fitness for digestibility depends partly on the original nature of the sub- 
stance, as to hardness and cohesion, or chemical nature, and partly on the 
manner in which it can be altered by cooking. Tables of degree of digesti- 
bility have been formed by several writers, and especially by Dr Beaumont, 
by direct experiment on Alexis St Martin; but it must be remembered that 
these are merely approximative, as it is so difficult to keep the conditions of 
cooking equal.* 

Rice, tripe, whipped eggs, sago, tapioca, barley, boiled milk, raw eggs, lamb, 
parsnips, roasted and baked potatoes, and fricasseed chicken, are the most 
easily digested substances in the order here given,—the rice disappearing from 
the stomach in one hour, and the fricasseed chicken in 2% hours. Beef, pork, 
mutton, oysters, butter, bread, veal, boiled and roasted fowls, are rather less 
digestible,—roast beef disappearing from the stomach in three hours, and roast 
fowl in four hours. Salt beef and pork disappeared in 4} hours. f 

As a rule, Beaumont found animal food digested sooner than farinaceous, 
and in proportion to its minuteness of division and tenderness of fibre. 

The admixture of the different classes of food aids digestibility ; thus fat 
taken with meat aids the digestion of the meat ; some of the accessory foods 
probably increase the outpour of saliva, gastric or enteric juice, dc. 

The degree of fineness and division of food ; the amount of solidity and of 
trituration which should be left to the teeth, in order that the fluids of the 
mouth and salivary glands may flow out in due proportion; the bulk of the 
food which should be taken at once, are points seemingly slight, but of real 
importance. There is another matter which appears to affect digestibility, 
viz., variety of food. 

According to the best writers on diet, it is not enough to give the proxi- 
mate dietetic substances in proper amount. Variety must be introduced into 
the food, and different substances of the same class must be alternately 
employed. It may appear singular that this should be necessary; and 


eel 





* The preparation of food by cooking is so important a matter, that the art of cookery ou sht 
not to be considered as merely the domain of the gourmand. Health is greatly influenced by 
it, and it is really a subject to be practically studied by chemists and physiologists. _ 

7 a extended talfle is given in Cox’s excellent edition of Combe’s Physiology of Digestien 
p. 
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certainly many men, and most animals, have perfect health on a very uni- 
form diet. Yet, there appears no doubt of the good effect of variety, and its 
action is probably on primary digestion. Sameness cloys; and with variety, 
more food is taken, and a larger amount of nutriment is introduced. It is 
impussible, with rations, to introduce any great variety of food; but the 
same object appears to be secured by having a variety of cooking. In the 
case of children, especially, a great improvement in health takes place when 
variety of cooking is introduced; and by this plan (among others), Dr 
Balfour succeeded in marvellously improving the health of the boys in the 
Duke of York’s School. 

The internal conditions of abundance and proper composition of the 
alimentary fluids, and the action of the muscular fibres in moving the food, 
so that it shall be submitted to them, depend on the perfection of the nervous 
currents, the vigour of circulation, and the composition of the blood. Many 
of the digestive diseases the physician has to treat depend on alterations in 
these conditions, so that the food is only imperfectly digested. Recent ex- 
periments, by Plész, Maly, and Gyergyai, seem to show the value of converting 
the albuminates into peptones by artificial digestion, so as to aid the diges- 
tion of the sick.* 


SECTION IL. 
DISEASES CONNECTED WITH FOOD. 


So great is the influence of food on health, that some writers have 
reduced hygiene almost to a branch of dictetics. Happiness, as well as 
health, is considered to be insured or imperiled by a good or iproper diet, 
and high moral considerations are supposed to he involved in the due per- 
formance of digestion. If there is some exaggeration in this, there is much 
truth ; and doubtless, of all the agencies which affect nutrition, this is the 
most important. 

The diseases connected with food form, probably, the most numerous 
order which proceeds from a single class of causes; and so important are 
they, that a review of them is equivalent to a discussion on diseases of 
nutrition generally. 

It is of course impossible to do more here than outline so large a topic. 

Discases may be produced by alterations (excess or deficiency) in quantity ; 
by unperfect conditions of digestibility, and by special characters of quality. 


Sup-Sxorion I.—ALTERATIONS IN QUANTITY. 


1. Excess of Food.—In some cases, food is taken in such excess, that it is 
not absorbed ; it then undergoes chemical changes in the alimentary canal, 
and at last putrefies; quantities of gas (carbonic acid, and carburetted and 
sulphuretted hydrogen) are formed. As much as 30 fb of a half-putrid mass 
have been got rid of by purgatives.t Dyspepsia, constipation, and irrita- 
tion, causing diarrhoea, which does not always empty the bowels, are pro- 
duced. Sometimes some of the putrid substances are absorbed, as there are 
signs of evident poisoning of the blood, a febrile condition, torpor and heavi- 





* Ueber Peptone, Archiv fiir die Ges. Phys, band ix. p. 823. 

+t A good case of this kind is recorded by Routh ( Fecal Fermentation, p. 19). Some convicts 
in Australia received from 7} to 74 Ib of food daily. _Obstinate constipation, dyspepsia, 
diarrhoea, skin disenses, and ophthalmia were produced. Purgatives brought away large quan- 
tities of half-putrid masses. 
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ness, feetor of the breath, and sometimes possibly even jaundice. It was, no 
doubt, cases of this kind which led to the routine practice of giving purga- 
tives ; and as this condition, in a moderate degree, is not uncommon, the use 
of purgatives will probably never be discontinued. 

The excess of food may be absorbed. The amount of absorption of the 
different alimentary principles is not precisely known. Dogs can digest an 
immense quantity of meat, and especially if they are fed often; and not 
simply largely, once or twice a-day. In men, also, much meat and albumin- 
ous mattcr can be digested,* though it is by no means uncommon, in large 
meat-eaters, to find much muscular fibre in the feces. Still, enough can be 
taken, not merely to give a large excess of nitrogen, but even to supply 
carbon in sufficient quantity for the wants of the system. 

There is certainly a limit to the digestion of starch (though sugar, how- 
ever, is absorbed in large amount), as after a very large meal much starch 
passes unaltered. This is also the case with fat; and if large quantities are 
given, much passes by the bowels. Dut in all cases, habit probably much 
affects the degree of digestive power; and the continued use of certain 
articles of diet leads to an increased formation of the fluids which digest 
them. 

When excess of albuminates continually passes into the system, congestions 
and enlargements of the liver, and probably other organs, and a general state 
of plethora, are produced. If exercise is not taken at the same time, there is 
a disproportion between the absorbed oxygen and the absorbed albuminates, 
which must lead to imperfect oxidation, and therefore to retention in the 
body of some substances, or to irritation of the eliminating organs by the 
passage through them of products less highly elaborated than those they are 
adapted to remove. 

Although not completely proved, it is highly probable that gouty affec- 
tions arise partly in this way, partly probably from the use of liquids which 
delay metamorphosis, and therefore lead to the same result as increased 
ingestion, and in some degree also from the uso of indigestible articles of food. 

Very often large meat-eaters are not gouty, and do not appear in any way 
over-fed. In this case either a yreat amount of exercise is taken, or, as is 
often the case in these persons, the meat is not absorbed, owing frequently 
to imperfect mastication. 

A great excess of albuminates, without other food, produces, in a short 
time (five days—Hammond) marked febrile symptoms, malaise, and 
diarrhoea ; and if persevered in, albumen appears in the urine. Ranke has 
attributed the depression especially to the effect of the salts of the meat. 

Excess of starches and of fats delays the metamorphosis of the nitrogenous 
tissues and produces excess of fat. Sometimes acidity and flatulence are 
caused by the use of much starch. It is not understood if profounder diseases 
follow the excessive use of starches unless decided corpulence is produced, 
when the muscular fibres of the heart and of many voluntary muscles lessen 
in size, and the consequences of enfeebled heart’s action are produced. 
When an excessive quantity of starch is used to replace albuminates, in 
physiological experiments, the condition becomes of course a complex one. 

If an excess of starch be taken under any circumstances, much passes into 
the faeces, and the urine often becomes saccharine. 

There may be also excess of food in a given time; that is, meals too fre- 
quently repeated, though the absolute quantity in twenty-four hours may not 


be too great. 


‘ Jones’s and especially Hammond's experiments, Experimental Researches, 1857, p. 20. 
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2. Deficiency of Food. 
is but too well known, | 
effects produced by defict 
the other classes, being 


studied. on of albuminates, without lessening of the other 


The complete deprivati 
eee radenes saatled effects only after some days. In a strong man kept 


arch, I found full vigour preserved for five days; in a man 
an T Sse the amount of nitrogen one-half, full vigour was retained 
for seven days. If the abstention be prolonged, however, there is eventually 
great loss of muscular strength, often mental debility, some feverish and 
dyspeptic symptoms. Then follow anamia and great prostration. The 
elimination of nitrogen in the form of urea greatly lessens, though it never 
ceases, while the uric acid diminishes in a less degree. If starch be largely 
supplied, the weight of the body docs not lessen for seven or eight days 
(Hammond). : 

If the deprivation of albuminates be leas complete (70 to 100 grains of 
nitrogen being given daily), the body gradually lessens in activity, and passes 
into more or less of an adynamic condition, which predisposes to the attacks 
of all the specific diseases (especially of malarious affections and typhus), and 
of pneumonia, and modifies the course of some of these diseases, as, for in- 
stance, of typhoid, which runs its course with less elevation of temperature 
than usual, and with less or with no excess of ureal excretion. 

The deprivation of starches can be borne for a long time if fat be given, 
but if both fat and starch are excluded, though albuminates be supplied, ill- 
ness is produced in a few days. Nor is it difficult to explain this: as albumen 
contains 53°5 per cent. of carbon and 15:5 per cent. of nitrogen, to supply 
3500 grains of carbon no less than 1014 grains of nitrogen must be intro- 
duced, a quantity three times as great as the system can easily assimilate, 
unless enormous exertion be taken, and then the quantity of carbon becomes 
insufficient. 

Men can be fed on meat for a long time, as a good deal of fat is then 
introduced, and if the meat be fresh (and raw’), scurvy is not readily 
induced. 

The deprivation of fat does not appear to be well borne, even if starches 
be given; but the exact effects are not, I believe, known. The great 
remedial effects produced by giving fat in many of the diseases of obscure 
malnutrition, prove that the partial deprivation of fat is both more common 
and more serious than is supposed.* The deprivation of the salts is also 
evidently attended with marked results which are worthy of more attention 
than they have yet received. 

Bad effects are also produced if the intervals between meals are too long ; 
this is a matter in which there is great individual difference, and need not be 
further referred to. 


The long catalogue of effects produced by famine 
and itis unnecessary to repeat it here. But the 
ency in any one of the four great classes of aliments, 
in normal amount, have not yet been perfectly 


Suz-Srotion II.—-Conprrions or Diaestremity anp ASSIMILATION. 


A great number of diseases are produced, not by alterations in quantity 
or by imperfections in quality of the raw food, but by conditions of indigesti- 
bility, either dependent on physical or chemical conditions of the food iteelf, 
or of the digestive fluids. To some persons certain foods are indigestible at 





# ha all the diets ordered for soldiers, prisoners, &c., the fat is greatly deficient in every 
country. 
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all times, or at particular times. Indigestibility leads to retention, and then 
to the results of retention, viz., chemical changes and putrefaction golng on 
jin the stomach and bowels under the influence of warmth, moisture, and air. 
Then oe is produced, and dyspepsia, diarrhoea, or dysentery, are 
caused. 

Indivestibility extends, however, farther than this. There is some reason 
for thinking that the albuminates sometimes pass into the circulation less 
properly prepared than usual to undergo the action of the liver, and that they 
therefore produce irritation of that organ, and passing into the blood in some 
unassimilable state, produce irritation of the skin or kidneys. Sometimes, 
indeed, albumen appears in the urine, as if it had circulated like a foreign 
body in the blood. Such conditions are usually allied to some evident error 
in primary digestion, but occasionally are not obviously accompanied by any 
gastric disorder. Whether there is any similar imperfection in the digestion 
of starch or fat is not at present known. 


Sus-Szotion III.—Conprtions oF Quatiry. 


Altered quality of what is otherwise good food produces a great number 
of diseases, Most of these are referred to under the headings of the different 
articles of food, and the subject is merely introduced here to complete the 
general sketch of the production of disease from food. _ 

In inquiring, then, into the effect of food, the following appears to be the 
best order of procedure :— 

1. Is the food excessive or deficient in quantity as a whole or in any of 
the primary classes of aliments ¢ : 

9. Are the different articles digestible and assimilable, or, from some 
cause inherent in the food or proper to the individual, is there 
difficulty in primary digestion or want of proper assimilation 4 

3. Is the quality of the food altered either before or after cooking % 


CHAPTER VI. 


QUALITY, CHOICE, AND COOKING OF FOOD, AND DISEASES 
ATTRIBUTABLE TO IMPROPER QUALITY. 


SECTION I. 
MEAT. 


THE advantages of meat as a diet are—its large amount of nitrogenous sub- 
stance, the union of this with much fat, the presence of important salts (viz., 
chloride of potassium, phosphate, and carbonate of potassium, or a salt form- 
ing carbonate in incineration), and iron. It is also easily cooked, and is very 
digestible ; it is probably more easily assimilated than any vegetable, and 
there is a much more rapid metamorphosis of tissue in carnivorous animals than 
in vegetable feeders, Whether the use of large quantities of meat increases 
the bodily strength or the mental faculties more than other kinds of nitrogo- 
nous food is uncertain. The great disadvantage of meat is the want of starch. 

The composition of fresh and salt meat has been already given (pages 195 
and 196); but the annexed table will supply further details :-— . 


Compositions of Fresh Beef. (Moleschott—Mean of all the Continental 


Analyses.) : 
Waiter, } : : 13:4 
Soluble albumen and hwmatin, . ; ; : 2°25 
Jnsoluble albuminous substances, . ; : 15:2 
yelatinous substances, . . , ‘ ‘ 3°3 
Fat,* . : ; : : ; ‘ ‘ : 2°87 
Extractive matters, —. ; ; ’ 1°38 
Kreatin, . ; : ; : : ; ; 0:068 
Ash, . : ; : : ; 1°6 


It is worthy of remark, that Stilzel + found 89 per cent. of carbonic acid 
in 100 of ash, which indicates probably lactic acid. Are the anti-scorbutic 
properties of fresh and raw (?) meat connected with this acid and is 
it destroyed by cooking? More than one-third of the ash is composed of phos- 
phoric acid. It is alkaline. 

Beef, mutton, and pork form the chief meats eaten by the soldier. 

In time of peace he only receives as fresh meat, beef, and mutton, and more 
seldom pork ; in time of war he has salt beef and salt pork.t The meat is 





* The amount of fat in this analysis is certainly too low. 

+ Liebig’s Annalen, band Ixxvii, p, 256. 

+ Professor Morgan of Dublin proposes the following plan of salting, which in certain cases 
might be usefully employer :—Immediately after death he opens the thorax, inserts a pipe into 
the left ventricle, and connects the pipe, by an india-rubber tube, with a tank of brine placed 
ata few feet elevation, and injects the vessel, After the blood has beer,driven out through 
the right auricle, the exit is closed, and the pressure forces the brine into the smallest ramiti- 
cations of the vessels. The process is finished in ten to twenty minutes; the meat is then cut 
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supplied by contractors, or is, at some stations, furnished by the commissariat, 
who have their own slaughter-houses. 

The medical officer may be called on to see the animals during life, or to 
examine the meat. 


Sus-Szction ._—Inspxorion or ANIMALS. 


Animals should be inspected twenty-four hours before being killed.* In 
this country killing is done twenty-four or forty-eight hours before the meat 
is issued ; in the tropics only ten or twelve hours previously. 

Animals should be well grown, well nourished, and neither too young nor 
too old. The flesh of young animals is less rich in salts, fat, and syntonin, 
and also loses much weight (40 to 70 per cent.) in cooking. 

Weight.—An ox should weigh not less than 600 th, and will range from 
this to 1200 tb. The French rules fix the minimum at 250 kilogrammes 
(= 550 ib av.) The mean weight in France is 350 kilogrammes (= 770 tb av.) 
A cow may weigh a few pounds less; a good fat cow will weigh from 700 to 
740 ib. <A heifer should weigh 350 to 400 ib. The French rules fix the 
minimum of the cow’s weight at 160 kilogrammes (= 352 Ib). The mean 
weight of cows in France is 230 kilogrammes (= 506 ib). 

There are several methods of determining the weight; the one most com- 
monly used in this country is to measure the length of the trunk from just in 
front of the scapulee to the root of the tail, and the girth or circumference just be- 
hind the scapule ; then multiply the squate of girth by 0:08, and the product 
by the length, the dimensions in cubic fect are obtained ; cach cubic foot is sup- 
posed to weigh 42 tb avoirdupois. The formula is (C* x 08) Lx 42. An 
ox or cow gives about 60 per cent. of meat, exclusive of the head, fect, liver, 
lungs, and spleen, &c.t 

A full-grown sheep will weigh from 60 to 90 tb, but the difference in dif- 
ferent breeds is very great. It also yields about 60 per cont. of available food. 

A full-grown pig weighs from 100 to 180 ib or more, and yields about 75 
to 80 per cent. of available food. 

Age.—The age of the ox and cow should be from three to eight years ; { 
the age is told chiefly by the teeth, and less perfectly by the horns. The 
temporary teeth are in part through at birth, and all the incisors are through 
in twenty days; the first, second, and third pairs of temporary molars aro 
through in thirty days ; the teeth are grown large enough to touch cach other 
by the sixth month ; they gradually wear and fall in eighteen months ; the 
fourth permanent molars are through at the fourth month ; the fifth at the 
fifteenth ; the sixth at two years. The temporary teeth begin to fall at 
twenty-one months, and are entirely replaced by the thirty-ninth to the forty- 
fifth month; the order being—central pair of incisors gone at twenty-one 
months ; second pair of incisors at twenty-seven months; first and second 
temporary molars at thirty months ; third temporary molars at thirty months 


up, dried, if necessary, in a hot air chamher, aud packed in charcoal. The injected fluid is com- 
osed of 1 gallon of brine to the cwt., 3 to 4 Ib of nitre, 2 Ib of sugar, a little spice, salt, and 
fos of phosphoric acid, which serves more completely to retain the albumen, and also adds a 
ittle phosphoric acid. The brine can be used hot. This is an excellent plan, but the meat is 
too salt. 
* Every contract should have a clause giving officers the power of inspection. 
+ The animal is divided into carcass and offal; the former includes the whole of the skeleton 
ergo the head and feet), with the muscles, membranes, vessels, and fat, and the kidneys and 
‘at surrounding them. The offal includes the head, feet, skin, and all internal organs, except 
the kidneys. ‘ ; ; 
+ Dr Pavy gives four years for the highest perfection of ox beef, on the authority of an 
“‘ intelligent and experienced grazier.” 
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to three years; third and fourth temporary incisors at thirty-three months to 


three years. The development is quite complete at from five to six years. At 
that hes the border of the incisors has been worn away & little below the 
level of the grinders. At six years the first grinders are iceman a eal 
and are ona level with the incisors. At cight years the wear ‘i e first 
grinders is very apparent. At ten oreleven years the used due ae 6 teeth 
begin to bear a square mark surrounded with a white line; and this yas 
nounced on all the teeth by the twelfth year ; between the twelfth and four- 
teenth year this mark takes a round form. 

The rings on the horns are less useful as guides. At ten or twelve months 
the first ring appears; at twenty months to two years the second ; at thirty 
to thirty-six months the third ring; at forty to forty-six months the fourth 
ring ; at fifty-four to sixty months the fifth ring, and so on. But at the fifth 
year, the three first rings are indistinguishable, and at the eighth year all the 
rings. Besides, the dealers file the horns. 

In the sheep, the temporary teeth begin to appear in the first week, and 
fill the mouth at three months; they are gradually worn and fall about 
fifteen or eighteen months. The fourth permanent grinders appear at three 
months, and the fifth pair at twenty to twenty-seven months. A common 
rule is “ two broad teeth every year.” The wear of the teeth begins to be 
marked about six years. 

The age of the pig is known up to three years by the teeth ; after that there 
is no certainty. The temporary teeth are complete in three or four months; 
about the sixth month, the premolars, between the tusks and the first pair of 
molars, appear; in six or ten months the tusks and posterior incisors are 
replaced ; in twelve months to two years the other incisors; the four per- 
manent molars appear at six months; the fifth pair at ten months; and the 
sixth and last molars at eighteen months. 

Condition and Health._—There ought to be a proper amount of fat, which 
is best felt on the false ribs and the tuberosities of the ischium, and the line 
of the belly from the sternum to the pelvis; the flesh should be tolerably 
firm and elastic ; the skin should be supple. 

As showing health, we should look to ‘the general ease of movements, the 
quick bright eye, the nasal mucous membrane red, moist, and healthy-looking ; 
the tongue not hanging ; the respiration regular, easy ; the expired air without 
odour ; the circulation tranquil; the excreta natural in appearance. 

When sick, the coat is rough or standing ; the nostrils dry or covered with 
Spa i sha ae 5 ae oe ata reea the respiration difficult ; move- 
ments slow and difficult; there ma diarrhoea ; or scant i 
&c. In the cow the teats are hot. , yo een ve 

The diseases of cattle which the medical officer should’ watch for are— 

1. Epidemic Pleuro-pneumonia (or lung disease).— Not easily recognised 
at first, but with marked lung symptoms after a few days. 

2. Foot and Mouth Disease (murrain, aphtha, or eczema epizootica).— 
At once recognised by the examination of the mouth, feet, and teats. 

3. Cattle Plague (typhus contagiosus, Steppe disease, Rinderpest),— 
Recognised by the early prostration (hanging of head, drooping of 
ears), shivering, running from cyes, nose, and mouth, peculiar con- 
dition of tongue and lips, cessation of rumination, and then by 
abdominal pain, scouring, &c. 

4. Anthrax (malignant pustule, carbuncular fever).—If boils and car- 
buncles form, they are at once recognised ; if there is erysipelas, it 
is called black-quarter, quarter-ill, or blackleg (avysipelas carbun- 
culosum), and is easily seen, 
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5. Simple inflammatory affections of the lungs, bronchitis, and simple 
pneumonia. All have obvious symptoms. 

6. Dropsical affections from kidney or heart disease. 

7. Indigestion, often combined with apoplectic symptoms. 

A great number of other diseases attack cattle, which it is not necessary to 
enumerate. All the above are tolerably easily recognised. The presence of 
Tenia medrocanellata cannot, to my knowledge, be detected before death. 

The diseases of sheep are similar to those of cattle; they suffer also in 
certain cases from splenic apoplexy or “braxy,” which is considered by 
Professor Gamgee to be a kind of anthrax, and is said to kill 50 per cent. of 
all young sheep that die in Scotland; the animals have a “ peculiar look, 
staggering gait, blood-shot eyes, rapid breathing, full and frequent pulse, 
scanty secretions, and great heat of the body.”* 

The smallpox in sheep (variola ovina, clavelée of the French), is easily 
known by the flea-bitten appearance of the skin in the early stage, and by the 
rapid appearance of nodules or papule and vesicles. 

The sheep is also subject to black-quarter (Erysipelas carbunculosum) ; one 
limb is affected ; and the limp of the anithal, the fever, and the rapid swell- 
ing of.the limb, are sufficient diagnostic marks. AP ee 

The sheep, of course, may suffer from acute lung affection, scouring, zed. 
water (hematuria); and many other diseases. Of the chronic lung affections, : 
one of the most important is the so-called “ phthisis,” which is prodused by 
the ova of the Strongylus filaria. This entozoon has not, I believe, been ‘yet 
found in the muscles, and the meat is said to be good. The rot in sheep 
(fluke disease) is caused by the presence of the Distoma hepaticum in large 
numbers in the liver, and sometimes by other parasites. The principal 
symptoms are dulness, sluggishness, followed by rapid wasting and pallor of 
the mucous membrane, diarrhcea, yellowness of the eyes, falling of the hair, 
and dropsical swellings. The animal is supposed to take in the Cercaria 
(the embryotic stage of the distoma) from the herbage, The so-called “gid,” 
“sturdy,” or “turnsick,” is caused by the development of the Canurus cere- 
bralis in the brain. 

The pig is also attacked by anthrax in different forms, by typhoid, and 
by hog cholera.t The swelling in the first case, and the scouring, fever, and 
prostration in the second, are sufficient diagnostic marks. In 1864, a severe 
hy of this kind, with or without scouring, prevailed among the pigs in 

ndon. 

The so-called measle of the pig is caused by the presence in the muscle of 
the Cysticercus cellulose. It is detected in the following way:—The . 
‘‘measle trier” throws the pig on its back, draws out and wipes the tongue, +, 
and looks and feels for the sublingual vescicles containing the Cysticerci. 
Sometimes a bit is cut out of the muscle under the tongue, and the Cysticerci 
are microscopically examined. A small harpoon can be used for this purpose, 
and gives little pain. Sometimes the Cysticercus can be seen on the con- 
junctiva, or on the folds of the anus. When the disease is far advanced, the 
animal is dull, the eyes heavy, appetite bad. These symptoms are, however, 
not peculiar; there is said to be sometimes tenderness in the groin (Gréve), 





* Fifth Report of the Medical Officer to the Privy Council, p. 222. 

+ Dr Cobbold (Monthly Microscopical Journal, Nov. 1871) has lately pointed out that the 
pig is affected, bothin America and Australia, with a large ite (the Stephanurus dentatus). 

is worm is found chiefly though not solely in the fat, and is at first free and then encysted ; 
the cyst is large, and may be 13 inch in length and § inch in diameter. The ful] grown worm 
may be as much as 1} inch in length. Three to six eggs are found in the cyst, and the youns 
worms migrate. Duriiig their migration, it has been surmised that they cause the “‘ hug 


i 
cholera.” 
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but, according to Delpech, this is very uncertain ; a better sign is a certain 
amount of swelling of the shoulder, which causes a sort of constriction of the 
neck, and somewhat impedes the movements of the animals (Delpech). The 
presence of the Trichina spiralis is indetectable before death, unless found in 
the muscles under the tongue. 


Sus-Szorion I.—lInspection or Deap Mzar.* 


1. Fresh Meat. 


Meat should be inspected, in temperate climates, twenty-four hours after 
being killed ; in the tropics, earlier. 

The following points must be attended to :— 

(a) Quantity of Bone.—In lean animals, the bone is ‘relatively in too great 
proportion ; taking the whole meat, 20 per cent. should be allowed. 

(6) Quantity and Character of the Fat.—It should be sufficient, yet not 
excessive, else the relative proportion of albuminous food is too low; it 
should be firm, healthy looking, not like jelly, or too yellow; without 
hemorrhage at any point. The kind of feeding has an effect on tho colour of 
the fat; some oi/-cakes give a marked yellow colour. 

Professor Gamgee states that pigs fed on flesh have a peculiarly soft 
diffluent fat, and emit a strong odour from their bodics. The same authority 
tells us that the butchers will rub melted fat over the carcass of thin and 
diseased animals, to give the glossy look of health. 

(c) Condition of the Flesh.—The muscles should be firm, and yet elastic ; 
not tough ; the pale moist muscle marks the young animal, the dark-coloured 
the old one; the muscular fasciculi are larger and coarser in bulls than 
oxen. A deep purple tint is said to indicate that the animal has not been 
slaughtered, but has died with the blood in it (Letheby). When good meat is 
placed on a white plate, a little reddish juice froquently flows out after some 
hours. Good meat has a marbled appearance from the ramifications of little 
veins of fat among the muscles (Letheby). There should be no lividity on 
cutting across some of the muscles; the interior of the muscle should be of 
the same character, or a little paler; there should be no softening, 
mucilaginous fluid, or pus, in the intermuscular cellular tissue. This is an 
important point, which should be closely looked to. The intermuscular 
tissue becomes soft, and tears easily when stretched in commencing 
putrefaction. 

The degree of freshness of meat in commencing putrefaction is judged of 
by the colour, which becomes paler ; by the odour, which becomes at an early 
stage different from the not unpleasant odour of fresh meat, and by the 
consistence. Afterwards, the signs are marked; the odour is disagreeable, 
and the colour begins to turn greenish.t It is a good plan to push a clean 





* In the city of London, about 1 ton in 750 tons is condemned, but much escapes detection. 
Letheby (Lectures on Food, 2d edition, pase 209) states that 700 tons of meat were destroyed. 
in seven years ; of this, 805,653 Ib were diseased ; 568,875 Tb were putrid, and 198,782 Tb were 
from animals which had died of accident or disease. ‘‘ In the city of London, the practice is 
to condemn the flesh of animals infected with certain parasites, such as measles and flukes, &c., 
and of animals suffering from fever or acute inflammatory affections, as rinderpest, pleuro- 

neumonia, and the fever of parturition, and of animals emaciated by lingering disease, and 
ose Which have died from accident or from natural causes, as well as all meat tainted with 
hysic, or in a high state of putrefaction,” (Ibid, p. 210.) Itmay bea question if meat should 
16 condemned in some of these cases, as, for instance, pleuro-pneumonia. In India, meat 
with Cysticerci is now ordered to be received, but to be carefully cooked ; but it would be very 
difficult to ensure that proper cooking shal be always had recourse to. 

+ In diseased meat there is a disagreeable odour, sometimes a smell ofphysic ; very discover~ 

able when the meat is chopped up and drenched with warm water. 
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knife into the flesh up to its hilt. In good meat the resistance is uniform; 
in putrefying meat, some parts are softer than others. The smell of the 
knife is also a good test. Cysticerci and Trichine should be looked for 
(see below). 

(a) Conditwn of the Marrow.—In temperate climates the marrow of the 
hind legs is solid twenty-four hours after killing; it is of a light rosy red. 
If it is soft, brownish, or with black points, the animals has been sick, or 
putrefaction is commencing. The marrow of the fore-legs is more diffluent ; 
something like honey—of a light rosy red. 

(c.) Condition of Lungs and Liver.—Both should be looked at, to detect 
the Strongylus jilarva in the lungs; the Distoma in the liver; also for the 
presence of multiple abscesses. 

To detect cattle plague, the mouth, stomach, or intestines must be 
seen ; no alterations have as yet been pointed out in the naked-eye appearance 
of the muscles, though under the microscope they are found to be degenerat- 
ing like the muscles in human typhoid (Buchanan). 

But meat cannot be fully judged of till it has been cooked; so as to see 
how much it loses in roasting or boiling ; whether the fibres cook hard, &c. 

In countries where there are goats, the attached foot of the sheep should 
be sent in for identification. 

Decomposing sausages are difficult of detection until the smell alters. 
Artmann recommends mixing the sausage with a good deal of water, boiling 
and adding freshly-prepared lime-water. (Good sausages give only a faint, 
not unpleasant, ammoniacal smell; bad sausages give a very offensive, 
peculiar ammoniacal odour. 


Microscopic Examination of Meat. 


In the flesh of cattle, or of the pig, Cysticerci may be found. They are 
generally visible to the naked eye as small round bodies ; when placed under 





Fig. 29—Woodcut from a photograph of ‘‘ measly ” pork in Calcutta (natural size), 
by Dr. Lewis. 


a microscope with low power, their real nature is seen; they are sometimes 
so numerous as to cause the flesh to crackle on section. The smallest 
Cysticercus noticed by Leuckart in the pig was about ,4,ths of an inch long 
and ropths broad ; but they are generally much larger, and will reach to ths 
or ,5,ths or #ths of an inch. In some countries they are extremely common In 
cattle, and have teen a source of considerable trouble in North-West India. 
The Cysticercus ef the ox produces in man the Tania mediocanellata. In 
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sheep Qobbold. has desarihed a small Cysticercus with a double crown of 
idols, 26.in number. He thinks that. possibly o special Tania may arise 

bape this,” . In diagnosis the Cyatioerci-of pork the hooklets should always 
_’ ‘The Trichinss may be present in the flesh of the pig; if encapsuled they 
will be seen: with the naked eye as small round specks; but very often a 
microscope is necessary. A power of 50 to.100 diameters is sufficient. The 
best plan is to take a thin slice of flesh ; put it into liquor potasss (1 part to 
8 of water), and let it stand for a few minutes till the muscle becomes clear ; 
it must not be left too long, otherwise the Trichine will be destroyed. 
The white specks come out clearly, and the worm will be seen coiled up. If 
the capsule is too dense to allow the worm to be seen, a drop or two of weak 
hydrochloric acid should be added. If the meat.is very fat, a little ether or 
benzine may be put on it in the first place. The parts most likely to be 
infected are said to be the muscular part of the diaphragm, the intercostal 
muscles, and the muscles of the eye and jaw. In diagnosing Trichina, the 
coiled worm should be distinctly seen. The Stephanurus dentatus in the pig 
has been already referred to. 

The so-called Psorospermia, or Rainey’s capsules, must not be mistaken 
for the Trichins, nor indced with care is error possible. These are little, 
almost transparent, bodies, found in the flesh of oxen, sheep, and pigs. They 
are in shape oval, spindle-shaped, or sometimes one end is pointed and the 
other rounded, or they are kidney-shaped. The investing membrane exhibits 
delicate markings, caused by a linear arrangement of minute hair-like fibres, 
which Mr Rainey? states increase in size as the animal gets older. They 
sometimes aro pointed, and the appearance under a high power (1000 diameters) 
is as if the investment consisted of very delicate, transparent, conical hairs, 
terminating in pointed process.§ The contents of the cysts consist of 
granular matter, the granules or particles of which when mature are oval, and 
which adhere together, so as to form indistinct divisions of the entire mass. 
The length varies from 535th to }th of an inch. They are usually narrow ; 
they lic within the sarcolemma, and appear often not to irritate the muscle. 

Till the present time no injurious effect has been known to be produced on 
men by these bodies, notwithstanding their enormous quantities in the flesh 
of domestic animals, nor have they been discovered in the muscles of men. 
But in pigs these bodies sometimes produce decided illness; besides general 
signs of illness, there are two invariable symptoms, viz., paralysis of the hind 
legs, and a spotty or nodular eruption.|| In sheep they have been known to 
affect the muscle of the gullet, and produce abscesses, or what may be called 
80, Viz., swellings sometimes as large as a nut, and containing a milky purulent- 
looking fiuid, with myriads of these capsules init. Sheep affected in this way 
often die suddenly.4] 

It is by no means improbable that some effect on man may be hereafter 
discovered to be produced. 

Some bodies which have been also termed Psorospermia, found in the liver 
of the rabbit, and other parts, and in the liver of man, and which have been 


* Surgeon-major Oldham describes cir Tenuicollis (from Tenta marginata of dog) as 
common in the sheep of the ae ters t has four suckers and a double coronet of 82 hooks. 
Indian Medical Gazette August, 1878). 

+ Lion—Comp. des Sanit., Pol. p. 171. 
* £ Phil Trans. 1857. 

Beale, in third Report of the Cattle Plague Commission, Appendix. 

i Virchow’s Archiv, band xxxviil. P. 855. . 
‘] Leisering, in Virchow’s Archiv, band xxxvii. p. 481. 


Roloff§ has described little hard round nodules in the flesh of the pig, some 
seam very small, others as large as the head of a pin, with little prolongations 
running to the surrounding muscular fibres to which they are attached. On 
the outside of these bodies are bundles of fine hairs or needles, sometimes 
arranged in quite a feather-like form. The bodies have a great resemblance 
to the guanin bodies of Virchow, but the needles are not crystalline. Roloff 
puts the question if these bodies are of post-mortem origin. 


It is hardly necessary to state that in cutting across meat, small bits of 


tendons or fascia, sometimes very like a little cyst, will be found ; but common 
care will prevent a mistake. ~ 


2. Salt Meat, 


It is not at all easy to judge of salt meat, and the test of cooking must often 


he employed. The following points ehowld be attended to +— 

(a) The salting has been well done, but the parts inferior.—This is ek ones 
detected by taking out a good number of pieces; those at the bottom of The 
cask should be looked at, as well as those at the top. 

(b) The salting well done, and the parts good, but the meat old.—Here the 
extreme hardness and toughness, and shrivelling of the meat, must yuide us. 
It would be desirable to have the ycar of salting placed on the cask of salt beef 
or pork. 

(c) The salting well done, but the meat bad.—If the meat has partially 
putrefied, no salting will entirely remove its softness ; and even there may be 
putrefactive odour, or greenish colour. A slight amount of decomposition is 
arrested by the salt, and is probably indetectable. Cysticerci are not killed 
by salting, and can be detected. Measly pigs are said to salt badly, but Mr 
Gamgee informs me this is not the case. . | 

(d) The salting badly done, either from haste or bad brine.—In both cases 
signs of putrefaction can be detected; the meat is paler than it should be ; 
often slightly greenish in colour, and with a peculiar odour. 

It should be remembered that brine is sometimes poisonous ; this occurs in 
cases where the brinc has been used several times ; a large quantity of animal 
substance passes into it, and appears to decompose. The special poisonous 
agent has not been isolated. 


Svs-Szotion JIL.—Ds8ases ARISING FROM ALTERED QUALITY OF Muar. 


A very considerable quantity of meat from diseased animals is brought into 
the market, but the amount is uncertain. 
Sa Sn nN ne OEE ERE 

* Leuckart, Die Menschl. Paras, bandi. "y 740 ; Stieda, Virchow’s Archiv, band xxxii. p. 1827°,' 
Roloff, Virchow’s Archiv, band xiii. p. 51 + Virchow’s Archiv, band xxxiii. p. 549. 

+ Ibid. band xxxv. 358, § Virchow’s Archiv, band xliii. p. 524, 
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Instances are not at all uncommon in which persons, after pattaking of but- 
cher’s meat, have been attacked with serious gastro-intestinal symptoms 
(vomiting, diarrhea, and even cramp), followed in some cases by severe 
febrile symptoms; the whole complex of symptoms somewhat resembles 
cholera at first, and afterwards typhoid fever. The meat has been often 
analysed, for the purpose of detecting poison, but none has been found.* In 
the records of these cases, the kind of meat, the part used, and the origin from 
a diseased animal, are not stated, and, in some cases, it may be conjectured 
that the cooking, and not the meat, was in fault. Still, the instances are 
becoming numerous, and are increasing every day, as attention is directed to 
the subject. We should conclude from general principles, that as all diseases 
must affect the composition of flesh, and as the composition of our own bodies 
is inextricably blended with the composition of the substances we eat, it must 
be of the greatest importance for health to have these substances as pure as 
possible. Animal poisons may indeed be neutralised or destroyed by the 
processes of cooking and digestion, but the composition of muscle must exert 
an influence on the composition of our own nitrogenous tissues which no 
preparation or digestion can remove. 

On looking through the literature of the subject, however, we find less 
evidence than might be expected. I cannot but believe this to be, in part, 
owing to imperfect observation, especially when we think for how long a time 
the Trichina disease was overlooked. 

1. The flesh of healthy animals may produce Poisonous Symptoms,—This 
is the case with certain kinds of fish, especially in the tropical seas. There is 
no evidence that the animal is diseased, and the flesh is not decomposed ; it 
produces, however, violent symptoms of two kinds—gastro-intestinal irritation, 
and severe ataxic nervous symptoms, with great depression and algidity. The 
little herring er harengo minor), the silver-fish (Zeus gallus), the 
pilchard, the white flat-fish, and several others, have been known to have 
these effects.¢ In some cases, though not in all, the poison is developed 
during the breeding time. Oysters (even when in season) and mussels have 
been known to produce similar symptoms, without any decomposition. The 
production of dyspepsia and nettle-rash in some persons from eating shell-fish 
need scarcely be mentioned. 

Among the Mammalia the flesh of the pig sometimes causes diarrhea—a 
fact I have had occasion to observe in a regiment in India, and which has 
been often noticed by others. The flesh is probably affected by the unwhole- 
some garbage on which the pig feeds. Sometimes pork, not obviously 
diseased, has produced choleraic symptoms.{ In none of these cases has the 
poison been isolated. 

2. The flesh of healthy animals when decomposing, is eaten sometimes 
without danger ; but it occasionally gives rise to gastro-intestinal disorder— 
vomiting, diarrhoea, and great depression; in some cases severe febrile 
symptoms occur, which are like typhus, on account of the great cerebral com- 
plication. Cooking does not appear entirely to check the decomposition. 


It appears to be, in some cases, the acid fluids of cooked meat which 
promote this alteration. 


* See Professor Gamgee’s paper in the Fifth Report of the Medica] Officer to the Privy 
Council, 1863, z; 287. He refers to cases noted by Maclagan, Taylor, Letheby, Dundas 
Thomson, and;Keith. ; ; 

+ A list of more than forty fishes, which are occasionally poisonous, is given by Pappen- 
heim.—Hand. der Sanitats-Pol. band i. P. 395. 

t Kesteven cites a good case in which twelve persons were affected.—Med. Times and 
' Gasetie, March 5, 1864, 
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Sausages and pork-pies* sometimes become poisonous from the formation 
of an as yet unknown substance, which is perhaps of a fatty nature. It is 
not trimethylamine, amylamine, or phenylamine—these are not poisonous 
(Schlossberger). The symptoms are severe intestinal irritation, followed 
rapidly by nervous oppression and collapse. Neither salts nor spices hinder 
the production of this poison. M. Vandem Corput attributes the poisonous 
effects of sausages to a fungus, of the nature of a sarcina, or what he terms 
Sarcina botulina.t 

Oysters and shell-fish, when decomposing, produce also marked symptoms 
of the same kind. Rotten fish are used, however, by the Burmese, Siamese, 
and Chinese as a sort of condiment, without bad effects. 

3. The fresh and not decomposing flesh of diseased animals causes in many 
cases injurious effects. A good deal of difference of opinion, however, exists 
on this point, and it would seem that a more careful inquiry is necessary. 
The probability is, that when attention is directed to the subject, the effects 
of diseased meat will be found to be more considerable than at present 
believed.§ At the same time, we must not go beyond the facts as they are 
at present known to us, and at present certainly bad effects have been traced 
in only a few instances; perhaps the heat of cooking is the safeguard. 

(a) Accidents.—The flesh of animals killed on account of accidents may be 
eaten without injury. 

(b) The flesh of over-driven animals is said by Professor Gamgee to contain 
a polson which often produces eczema on the skin of those who handle it ; and 
eating the flesh is said to ‘“ have been attended with bad effects.” : 

(c) Early Stage of Acute Inflammatory Disease.—The meat is not apparently 
altered, and it is said that some of the primest meat in the London market is 
taken from beasts in this condition ; it is not known to be injurious, but it 
has been recommended that the blood should be allowed entirely to flow out 
of the body, and should not be used in any way. 

(d) Chronic wasting Diseases—Phthisis, Dropsy, &c.—The flesh is pale, 
cooks badly, and gives rise to sickness and diarrhea. It also soon begins to 
decompose, and then causes very severe gastro-intestinal derangement. 

(ce) Chronic Nervous Fevers.—Same as above. 

(f) Epidemic Pleuro-pneumonia of Cattle.—Much doubt exists as to the 
effect of this disease on the meat. Itis hardly possible that the flesh should 
not be seriously altered in composition, but it seems certain that a large quan- 
tity is daily consumed without apparent injury. I have been informed by 
two most excellent authorities that the Kaffirs ate their cattle when destroyed 
by the epidemic lung disease which prevailed at the Cape some years ago, 
without injury. Both my informants—Staff-surgeon Nicolson and Assistant- 
surgeon Frank—made very careful inquiries on this point. Dr Livingstone, 
however, states that the use of such flesh produces carbuncle. 

(9) Anthrax and Malignant Pustule—Many of the older authors 
(Ramazzini, Lancisi, quoted by Levy) mention facts tending to prove the 





* T have seen very severe symptoms produced, diarrhoea and partial collapse, from eating 
beefsteak pie, which presented nothing unpleasant to the taste. '(F. de C.) 

+ A severe case of poisoning by liver sausages took place at Middelburg in Holland, in March 
1874. Nearly 400 were attacked, and out of 343 reported cases, 6died. The symptoms com- 
menced a few hours after the sausages were eaten, consisting of nausea and vomiting, diarrhwa 
with offensive stools and abdominal pain and high fever. The symptoms, after apparent 
convalescence, recurred for several days, and at last became quite of an intermittent character. 
Chemical and microscopical examination failed to detect anything, except that there were 
a a of Ms minutest organisms in the sausages. (Centralblatt fiir die Med. Wiss. 1875, 

o. 14, p. ) 

t Quoted by Lethaby, Chemical News, Feh. 1869. I have not seen the original paper. 

§ Professor Gamgee says that 3th of the meat in London is more or less diseased. 
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danger of using the flesh of animals affected with malignant pustule. 
Chaussier also affirmed the same thing, but subsequently modified his opinion 
considerably. The apparent increase in the number of cases of malignant 
pustule in men has been ascribed to eating the flesh of animals with this 
disease, but it is quite as likely that inoculation may have taken place in other 
ways. 

The evidence laid before the Belgian Academy of Medicine led them to 
believe the flesh of cattle affected with carbuncular fevers to be injurious, and 
it is not allowed to be sold. ; 

It has been supposed that the outbreaks of boils, which have certainly 
become more prevalent of late years, are produced by meat of this kind, but 
the evidence is very imperfect. 

Menschel* has recorded a case in which twenty-four persons were seized 
with malignant pustule, the majority after eating the fiesh of beasts suffering 
from the disease, the others from direct inoeulation. Those who ate the flesh 
were attacked in three or ten days; those who were inoculated, in three to 
six days. In those who ate the flesh the carbuncle appeared in two cases on 
the upper arm, in three on the forearm, in nine on the face and head. The 
gangrenous degeneration rapidly extended. Five died of the twenty-four 
cases. One woman ate flesh and broth ; another ate the same flesh, but threw 
away the broth. The first was attacked—the second had only diarrhea. 
This appears to be the most satisfactory case on record. Itis also stated that 
pigs fed on the flesh got the disease, and ‘that a woman who ate some of the 
diseased pork was also attacked. 

On the other hand, several old authors, and lately Neffel,+ assert that the 
Kirghises constantly eat horses and cattle (either killed or dying spontaneously) 
affected with malignant pustule without injury. 

Parent-Duchatelet (t. 11. p. 196) quotes a case from Hamel (1737), in which 
a bull infected three persons who aided in killing it, and a surgeon who 
opened one of the tumours of a person affected ; yet, of more than 100 persons 
who ate the flesh roasted and boiled, no one experienced the slightest incon- 
venience, and Parent states that many other cases are known in literature. 

Parent-Duchatelet and Levy (t. ii. p. 661) quote from Morand’ (1766) an 
instance in which two bulls communicated malignant pustule to two butchers 
by inoculation, yet the flesh of the animals was eaten at the “ Invalides” 
without injury. But both these instances are of old date. Pappenheim 
(Hundb. der Sunitats-Pol., band i. p. 587) states (without giving special 
instances) that there are many eases in which no bad effect resulted from the 
cooked flesh of charbon—that the peasants of Posen eat such meat with 
perfect indifference, and believe it is harmless when boiled. 

With regard especially to the erysipelas carbunculosum, or black-quarter, as 
distinguished from malignant pustule (if it is to be so distinguished), Professor 
Gamgee (“Fifth Report of Medical officer to the Privy Council,” p. 290) 
refers to cases of poisoning, and two deaths mentioned to him by Dr Keith 
of Aberdeen, caused by eating an animal affected with black-quarter. He also 
notices an instance which occurred “a number of years ago in Dumfriesshire,” 
when seventeen persons were more or less affected, and at least one died, 
and states that a number of cases have been related to him by different 
observers, 

The discrepancy of evidence is so great as to lead to the conclusion, that 
the stage of the disease, ur the part eaten, or the mode of cooking must have 





* Preuss. Med. Zeit. 4th June 1862, and Canstatt’s Jahresb. 1862, band iv. p. 257. 
+ Canstatt’s Jahresb. for 1860, band ii. p. 187. 
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great influence, and that a much more careful study than has yet been given 


to this subject is necessary to clear up these great variations of statemen 
' t. 

(h) Splenic Apopleay or Braxy of aloes Prateases Simonds* states that 
pigs and dogs died in a few hours after eating the flesh of sheep dead of 
braxy. Professor Gamgee (“Privy Council Report,” 1863, p. 280) affirms 
the same thing; but, on the other hand, I am informed by my friend Dr 
M‘Gregor that dogs eat the meat with perfect impunity. The experiments of 
Alfort (Levy, t. ii. p. 664) have also shown that pigs, dogs, and fowls are not 
incommoded by this poison, which yet acts violently when swallowed by 
sheep, goats, or horses. So also Dr Smith states,t that the shepherds in the 
highlands of Scotland eat by preference braxy sheep, and are quite healthy. 
Dr M‘Gregor tells me that the flesh of braxy sheep is never cooked until it 
has been steeped for two months in brine, and then suspended for a time from 
the kitchen roof. It is preferred to ordinary salt mutton, because it has 
rather a flavour of game. 

(¢) Small-pox of Sheep.—The flesh has a peculiar nauseous smell, and is 
pale and moist. It produces sickness and diarrhoea, and sometimes febrile 
symptoms. 

(j) Foot-and-mouth Disease (Aphtha (or Eczema) epizootica).—Levy{ states 
that at different times (1834, 1835, 1839) the aphthous disease has prevailed 
among cattle both at Paris and Lyons, without the sale of the meat being in- 
terrupted or giving rise to bad results. The milk of cows affected with foot- 
and-mouth disease has been supposed to cause vesicular affection of the mouth 
in men.§ The evidence seems to me very uncertain. The discharges from 
the mouth are constantly on the hands of the farm-labourers, who are not very 
cleanly, and who must constantly convey them to their own mouths, and yet 
these discharges, so infectious to other cattle, produce no effect on them. 

(k) Cattle Plaque (Rinderpest, Typhus contagiosus of the French.)—A 
priori, such flesh would be considered highly dangerous, and the Lelgian 
Academy of Medicine so consider it ; but there is some strong evidence on 
the other side. In Strasbourg and in Paris, in 1814, many of the beasts eaten 
in those cities for several months had rinderpest, and yet no ill consequences 
were traced. But it may be questioned whether they were looked for in that 
careful way they would be at the present day.|| Some other evidence is 
stronger : Renault, the director of the Veterinary School at Alfort, made for 
several years after 1828 many expcriments, and asserts that there is no danger 
from the cooked flesh of cattle, pigs, or sheep dead of any contagious disease 
(quelle que soit la repugnance bien naturelle que puissent inspirer ces 
produits.”){] So also during the occurrence of the rinderpest in England 
(1865), large quantities of the meat of animals killed in all stages of the 
disease were eaten without ill effects. In Bohemia also, in 1863, the peasants 
dug up the animals dead with rinderpest, and ate them without bad results.** 

?) Rabies in the dog and cow produces no bad effects. t t 

m) Diseases in the pig, like scarlet fever and pig-typhus, have prevailed 
lately in London, and the flesh has been eaten. No injury has been proved.tt 


ee ee ee 


* Agricultural Journal, No. 50, p. 282. + Social Science Trans. for 1868, p. 559. 
t Traité d’Hygiéne, 1857, t. xi. p. 663. Jour. of the Epid. Soc., vol. i. p. 428. 
| The words of Coze (Parent-Duchatelet, t. xi. p. 201) are, however, very strong. At Stras- 
bourg he says—‘‘ Un millier de beeufs de grande taille, malades pour la plupart au plus haut 
degr6é, puisqu’un assez grande nombre out été égorgés au moment ou ils aJlerént expirer, a été 
consommé, pendant et apres le blocus, et cet aliment n’a produit aucune maladie.” 
“| Payen, Des Substances Alimentaires, pp. 80, 31. 
** Evidence of Cattle Plague Commission, question 997, and other places. ~~ 
++ Parent-Duchftelet, t. il. p. 197, cites a case of seven mad cows being sold without injury 
to those who ate the flesh. 
Ht Letheby, Chem. News, Jan. 15, 1869. 


~~ 


218 FOOD. 


(n) The Cysticercus cellulose of the pig produces Tenia solium, and that of 
the ox and cow the Tenia mediocanellata. These entozoa often arise from 
eating the raw meat, but neither cooking nor salting are quite preservative, 
though they may lessen the danger. Smoking appears to kill the Cysticerci, 
and so, according to Delpech, does a temperature of 212° Fahr. T. Lewis* 
found thata much lower temperature sufficed. When the Cysticerci had been 
exposed for five minutes to a heat of 130° Fahr., he could detect no move- 
ments, and he considers that a temperature of from 135° to 140° for five 
minutes would certainly kill them. Lewis considers there is no danger if the 
cooking is well done, as the temperature of well done meat is never below 
150°. 

(0) The Trichina spiralis in the pig gives rise to the curious Trichina disease 
caused by the wanderings of the young Trichinz. The affection is highly 
febrile, resembling typhoid or even typhus, or acute tuberculosis, but attended 
with excessive pains in the limbs, and cedema.t Boils are also sometimes 
caused. The eating of raw trichiniferous pork is the chief cause, and the 
entvzoon is not easily killed by cooking or salting. A temperature of 144° to 
155° Fahr. kills the free Trichinz, but the encapsuled Trichine may demand 
a greater heat (Fiedler). During cooking, a temperature which will coagulate 
the albumen (150° to 155° Fahr.) renders the Trichine incapable of propaga- 
tion, or destroys them. As a practical rule, it may be said that if the interior 
of a piece of boiled or roasted pork retains much of the blood-red colour of 
uncooked meat, the temperature has not been higher than 131° Fahr., and 
there is still danger. Intense cold and complete decomposition of the meat do 
not destroy the Trichins. Hot smoking, when thoroughly done, does destroy 
them (Leuckart) ; but the common kinds of smoking, when the heat is often 
low, do not touch the Trichine (Kiichenmeister). 

(p) The Echinococcus Disease.—It is well known that many persons will 
eat freely of, and even prefer, the liver of the sheep full of flukes. I am not 
aware that in this country direct evidence has been given of the production 
of disease from this cause. In Iceland the Echinococcus disease, which affects 
a large number of persons, is derived from sheep and cattle, who in their turn 
get the disease from the Tzenia of the dog (Leared and Krabbe.) 

(y) Glanders and farcy in horses do not appear to produce any injurious 
effects on their flesh when eaten as food. Parent-Duchatelet quotes two 
instances, in one of which 300 glandered horses were eaten without injury. 
(Hyg. Publ,” t. ii. 194. See also Levy, t. iii pp. 661, 662.) In 1870, 
during the siege of Paris, large quantities of flesh from horses with farcy and 
glanders were eaten without injury. 

(r) Medicines, especially antimony,t given to the animals in large quantities, 
have sometimes produced vomiting and diarrhoea. Arsenic, also, is occasionally 
given, and the flesh may contain enough arsenic to be dangerous.§ 

In time of peace the duty of the army surgeon is simple. Under the terms 
of the contract, all sick beasts are necessarily excluded. Without reference, 


* The Bladder Worms found in Beef and Pork, by T. R. Lewis, M.D., Calcutta, 1872. 

+ Aitken’s Practice of Medicine, 4th edit. vol. i. p- 857. See also reports on Hygiene by the 
writer in the Army Medical Report for 1860, 1861, 1862, and 1868, where references to most 
of the inl cases Will be found. See also Dr Thudichum’s treatise in Mr Simon’s Report to 
the Privy Council, 1864. 

+ See a well marked case cited by Pavy (“‘ A Treaties on Food and Dietetics,” 2d ed. 1875, p. 160), 
as quoted hy Gamgee, from the Central Zeitung fiir die gesammte Veterinirmedisin fiir 1854, 
where 107 persons were attacked after eating the flesh of an ox which had been treated with 
tartar-emetic, previous to being slaughtered, 

md Levy, Traité d’Hygiéne, t. ii. p. 666; reference to experiMents of Danger, Handin, and 
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then, to any uncertain questions of hurtfulness, or the reverse, he must object 
to the use of the flesh of such animals, This is the safe and proper 
course. 

But, in time of war, he may be placed in the dilemma of allowing such 
meat to be used, or of getting none at all. He should then allow the issue of 
the meat of all animals, ill with inflammatory and contagious diseases, with 
the exception of small-pox, and perhaps splenic apoplexy in sheep. But it 
will be well to take the precautions—lst, Of bleeding the animals as 
thoroughly as possible ; 2d, Of using only the muscles, and not the organs, as 
it is quite possible these may be more injurious than the muscles, though there 
are no decided facts on this point; and, 3d, Of seeing that the cooking is 
thoroughly done. But animals with small-pox, Cysticerci, and Trichine, 
should not be used. If dire necessity compels their use, then the employment 
of a great heat in a baker's oven and smoking, if it can be used, may lessen 
the danger. If such things can be got, it would be well to try the effect on 
the meat of antiseptics, especially of carbolic acid, which destroys low animal 
life with great certainty. 


Sus-Srotion IV,—Cookine or MEat. 


Botling.—The loss of weight is about 20 or 30 per cent., sometimes as 
much as 40. If it is wished to retain as much as posible of the salts and 
soluble substances in the meat, the piece should be left large, and should be 
plunged into boiling water for five minutes to coagulate the albumen. After 
this the heat can scarcely be too low. The temperature of coagulation of the 
albuminoid substances differs in the different constituents, one kind of 
albumen coagulates at as low a heat as 86° if the muscle serum be very acid ; 
another albumen coagulates at 113° Fahr.; a large quantity of albumen 
coagulates at 167°, the hematoglobulin coagulates at 158° to 162°, below 
which temperature the meat will be underdone. If the temperature is kept 
above 170°, the muscular tissue shrinks, and becomes hard and indigestible. 
Liebig recommends a temperature of 158° to 160°. Most military cooks 
employ too great a heat: the meat is shrunken and hard. Jn boiling, 
sulphhydrate of ammonium is evolved, with odoriferous compounds, and an 
acid like acetic acid. 

If it is desired to make good broth, the meat is cut small, and put into cold 
water, and then warmed to 150°; beef gives the weakest broth. In a pint 
there are about 150 grains of organic matter, and 90 grains of salts. Mutton 
broth is a little stronger, and chicken broth strongest of all. About 82 per 
cent. of the salts of becf pass into the broth, viz. all the chlorides, and most 
of the phosphates. 

Broth made without heat, by the addition of four drops of hydrochloric 
acid to a pint of water, and a half pound of beef is richer in soluble albumen. 
Lactic acid and chloride of potassium added together have the same effect. 
If rather more hydrochloric acid be used, but no salt, heat can be applied, 
and, if not higher than 130° Fahr., nearly 50 per cent. of the meat can be 
obtained in the broth. 

Roasting.—The loss varies from 20 to 35 per cent. ; in beef, it is rather 
less than in mutton (Oesterlen). This loss is chiefly water ; the proportion 
of carbon, hydrogen, nitrogen, and oxygen remaining the same (Playfair). 
Roasting should be slowly done ; to retain the juices, the meat must be first 
subjected to an intense heat, and afterwards cooked very slowly ; the dry 
distillation forms: aromatic products, which are in part volatilized ; the fat is 
in part melted, and flows out with gelatine and altered extractive matters. 
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The fat often, improperly, becomes the perquisite of the cook, and may be lost 
to the soldier. ‘The loss in baking is nearly the same, or a little less, 

Stewing.—This is virtually the same as roasting, only the meat is cut up, is 
continually moistened with its own juices, and is often mixed with vegetables. 
Like boiling and roasting, it should be done slowly at a low heat ; the loss 
then is about 20 per cent., and chiefly water. 

Tn all cases, there is one grand rule, viz, to cook the meat slowly, and with 
little heat, and, as far as possible, to let the loss be water only. The fault 
in military kitchens has been, that excessive heat is used. I have frequently 
seen the water boiling, and the men have told me that, in order to boil the 
vegetables, and yet not overdo the meat, they are obliged to remove the meat 
for a time from the water. ‘The meat is then often a sodden, tasteless mass, 
with hard, shrunken, and indigestible fibres. The thermometer will be found 
very useful, especially in showing cooks that the temperature is often much 
higher than they think. In the cooking of salt meat, the heat should be very 
slowly applied, and long continued ; it is said that the addition of a little 
vinegar softens the hard sarcolemma, and it is certain that vinegar is an agree- 
able condiment to take with salt meat, and is probably very uscful. It may 
be of importance to remember this in time of war. 

In cutting up meat, there is a loss of about 5 per cent., and there is also a 
loss from bone, so that, all deductions being made, the soldier does not get 
more than 5 or 6 ounces of cooked meat out of 12 ounces. 

The large quantity of flesh extract contained in the brine can be obtained 
by dialysis. Place the filtered brine in a bladder or vessel of the prepared 
dialysis parchment, and place it in a large vessel with water ; the salt diffuses 
out, leaving, in three or four days, the extract behind ; from two gallons of 
brine a fluid was obtained, which, on evaporation, yielded 1 lb of extract. 
(Whitelaw, Chemical News, March 1864.) The liquid left in the dialyser 
may be mixed with flour, and then forms a nutritious meat-biscuit (Whitelaw). 
Instead of pure water in the outer vessel, salt water may be at first used. 
An air-bladder will do as a dialyser if the parchment cannot be obtained. 


Sus-SEectTIoNn V.—PRESERVATION oF Mpat. 


Meat may be kept for some time by simply heating the outside very 
strongly, so as to coagulate the albumen ; or by placing it in a close vessel, in 
which sulphur is burnt, or by covering the surface with charcoal, or strong 
acetic acid, or calcium bisulphite, or weak carbolic acid. Injections of alum 
and aluminium chloride through the vessels will preserve it for a long time ; 
water should be injected first, and then the solution. Even common salt in- 
jected in the same way will keep it for some time. So also will free exposure 
to pure air ; charcoa] thrown over it, and suspended also in the air ; or the 
meat being cut into smaller portions, and placed in a large vessel, heat should 
be applied, and, while hot, the mouth of the vessel should be closed tightly, 
with well washed and dried cotton-wool ; the air is filtered, and partially freed 
from germs. The application of sugar to the surface is also a good plan.* 

Plans of this kind may be useful to medical officers under two circum- 
stances, viz, on board ship, and in sieges, when it is of importance 
to preserve every portion of food as long as possible. The covering the whole 
surface with powdered charcoal is perhaps as convenient as any plan. - A coat- 
ing of paraffin, and many other plans of excluding air, are also used. 





* Cold is a great preservative of meat ; in ice it can be preserved for an unlimited period, but 
appears to Soom por very rapidly in thawing. The fresh meat now imported so largely from 
America is kept at a temperature above the freezing point ; about $8°F. 
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Meat is also preserved in tin cases, either simply by the complete exclusion 
of air (Appert’s process), or by partly excluding air, and destroying the oxygen 
of the remaining part by sulphite of soda (M‘Call’s process). It is not 
necessary to raise the heat so high in this case, and the meat is less sapid. 
Meat prepared in either way has, it is said, given rise to diarrhcea, but this is 
simply from bad preparation : when well manufactured it has not this effect. 
(See also chapter on ConczntTRaTED Foon.) 

Meat is also preserved by drawing off the air from the case, and substituting 
nitrogen and a little sulphurous acid (Jones and Trevithick’s patent), or th» 
air can be heated to 400° or 500°, so as to kill all germs (Pasteur), and then 
allowed to flow into an exhausted flask.* 


SECTION IL 
WHEAT, 


Advantages as an Article of Diet.—It is poor in water and rich in solids, 
therefore very nutritious in small bulk; when the two outer coats are 
separated, the whole grain is digestible. The nitrogenous substances are large 
and varied, consisting of soluble albumen (1 to 2 per cent.) and gluten (8 tu 
12 per cent.), which itself consists of four substances, which are named by 
Ritthausen,{ gluten-casein, gliadin (or vegetable gelatine or glutin), gluten- 
fibrin, and mucedin.§ The starchy substances (starch, dextrin, sugar) are 


* Those who wish to see a good account of the different patents for the preservation of ment 
and other foods, should refer to Dr Letheby’s Cantor Lectures on Food, delivered before the 
Society of Arts in 1860. 2d edition, 1872. 

+ This reaches 14 to 15 per cent., especially in the hard wheats of Italy and Sicily, which are 
used for macaroni (Letheby). 

+ Die Kiweisskérper der Getreidearten, von Dr H. Ritthausen, 1872. 

§ These are the substances found by Ritthausen. The older writers use rather different 
terms. According to Ritthausen (op. cit. p. 81, et seq ) gluten-casein is insoluble in cold spirit ; 
it was formerly called vegetable fibrin, but was not obtained pure ; it forms from 26 to 31:4 
per cent. of dry gluten. Gliadin, gluten-fibrin, and mucedin, are soluble in spirit, and form 
from 34 to 42 of the gluten ; fat forms from 5 to 6, and bran and starch make up from 16 to 
18 per cent. ; there is a large remainder of loss. 


The Composition of the substances ts (Ritthausen, p. 68)— 


Casein. Gliadin, Mucedin. Fibrin. 
Carbon, 25°94 52°76 64°11 §4°31 
Hydrogen, 7:04 7°10 6-90 7°18 
Nitrogen, 17°14 18°01 16°63 16°89 
Oxygen, 21°92 21:37 21°48 20°61 
Sulp ur, 06 "85 "88 1°01 


The amount of nitrogen in the flour increases tolerably regularly with the gluten. A portion 
of a table given by Ritthausen (Die Eiweisskirper, p. 15) will show the amount of nitrog. n 
when the giuten has been determined. 


Weight of dry gluten Nitrogen Weight of gtutcn Nitrogen 
per cent, per cent. per cent. per cent, 
9 ‘jl ] 60 ace ove 
9°54 1°62 12:33 2°04 
10°65 1°65 12°33 2°05 
8°52 1°68 12°64 2°15 
8:36 1-71 a aa 
11-27 1°75 14-80 2°43 
bv ea 16°56 2°'53 
10°41 1-78 18°85 2°64 
12°45 1:98 14°88 2°66 
11 ‘10 1°94 ese eee 
eve eee 13 07 2 ‘68 
12°18 2:03 se ant 
17:00 2°75 


The i i ot rfectl lar but is sufficient to prove the relation. 
The aan acca nitrogen in the dry gluten itself e 18 "64, and it varies from 12°54 to 
15°25 per cent. (Ritthausen, op. cit. p. 16). 
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large, 60 to 70 per cent., and are easily digested ; and, according to Mége- 
Mourigs, a nitrogenous substance (cerealin) is contained in the internal 
envelope, which, like diastase, acts energetically in transforming starch into 
dextrin, sugar, and lactic acid. Some consider this cerealin to be merely a 
form of diastase. Cholestrine is found in wheat, but in very small quantity 
(Ritthausen). The salts are chiefly phosphates of potash and magnesia. 

Disadvantages.—It is deficient in fat, and in vegetable salts which may 
form carbonates in the system. 

As usually prepared, the grain is separated into flour and bran ; the mean 
being 80 parts of flour, 16 of bran, and 4 of loss. The flour is itself divided 
into best or superfine, seconds or middlings, pollards or thirds or bran flour. 
In different districts different names are used. The wheats of commerce are 
named from colour or consistence (hard or soft) ; the hard wheat contains less 
water, less starch, and more gluten than the soft wheat. 


Sup-Sgction L—Wueat GRAINS. 


The medical officer will seldom be called on to examine wheat grains, but 
if so, the following points should be attended to. The grains should be well 
filled out, of not too dark a colour ; the furrow should not be too deep ; there 
should be no smell, no discoloration, and no evidence of insects or fungi. The 
heavier the weight the better. In the Belgian army the minimum weight is 
77 kilogrammes the hectolitre.* In England, good wheat weighs 60 Ib to the 
bushel ; light wheat 58 Ib or even 50 Ib. The fungi, if present, will 
be found at the roots of the hairs, and if in small amount, are only micro- 
scopic. If in large amount they cause the diseases known by the name of 
rust, bunt or smut, or dust brand ; they are owing to species of Uredo and 
Puccinia. (See Frour.t) If any grains are seen pierced with a hole, and on 
examination are found to be a mere shell, with all the starch gone, this is 
owing to the weevil, and the little insect can itself be found readily enough 
if a handful of wheat be taken and spread over a large plate. The weevil 
can hardly escape being seen. (See figs. 40 and 41, p. 229.) The Acarus 
furine (see p. 229) may also prey on the wheat grain, but cannot be seen 
without a microscope. 


Sus-Srotion II.—Ftovur.ft 


Almost all the bran is separated from the finest flour ; it has been a question 
whether this is desirable, as the bran contains nitrogenous matter—as much 


a ee eed 











* Ee bere Des Subsist. Mil. p. 37. 

+ The brand of wheat and other cereals is owing to the Uredo or Puccinia, the species being 
sitophilum or seyetum. Rye, maize, millet, &c., appear to have their own species. 

+ The following, after Peligot (mean of 14 analyses), may be taken as the mean composition 
of nas The analyses of Von Bibra (Die Getreidearten und das Brom, 1860) agree very closely 
with i 


Wheat Flour aud Bran, In 100 parts. 
Flour, ran. 
Water, a ae ae ae 14 103 
Fatty matters, . . . . .«. . ; 12 2°82 
Nitrogenous substances insoluble in water (cluten), 12°8 10°84 
Nitrogenous substances soluble in water (albumen), 1°8 1°64 
Non-nitrogenous soluble substances (dextrin, sugar), 72 5°8 
, Byes. TO A tie uh AE” se 59°7 2262 
Cellulose, ee ee ee ee ee ee 17 43°98§ 
Salts, a ee er ee ee ee ce 16 2°52 


$ This is however the cellnlose of the entire grain, both of the husk and the interior of the grain. Pot- 
ash, phosphoric acid, and magnesia are the principal ingredients of the salts; the earthy phosphates are 
ywpecially combined, and in definite proportions, with the albuminates (Mayer), and also the gummy matter 
Bibra). The alkaline phosphates are free. The bran contains much allica. Oudemans places the cellulose 
ower (25 to 30 per cent.), and the salts higher (4 to 6 ner cent.). 
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sometimes a8 15 per cent., with 3°5 per cant. of fat, and 5°7 per cent, of 
: salts, 

But if the bran} is used, it seems probable that much is left undigested, and 
all the nutriment which 18 contained in it is not extracted. A plan has been 
employed by Mége-Mourits, which seems to save all the most valuable parts 
ofj the bran; the two or three outer and highly siliceous envelopes of the 
wheat are detached, and the fourth or internal envelope is left. Several 
plans of decorticating wheat have been proposed, but none of them at present 
have superseded the old system of grinding. 

If the whole wheat is used, it should be ground very fine, as the harder 
envelopes are very irritating, and it is well to remember that for sick persons 
with any bowel complaints bread must be used entirely without bran. I have 
found dysenteries most intractable merely from attention not being directed 
to this simple point. 


Examination of Flour for Quality and Adulteration. 


Flour should be examined physically, microscopically, chemically, and 
practically by making bread. 

The quality is best determined by chemical examination ; adulterations by 
the microscope. 


Physical Examination. 


Sight.—The starch should be quite white, or with the very slightest tinge 
of yellow ; any decided yellow indicates commencing changes ; the amount of 
bran should not be great. 

Touch.—There should be no lumps, or, if there are, they should at once 
break down on slight pressure ; there must be no grittiness, which shows that 
the starch grains are changing, and adhering too strongly to each other, and 
will give an acid bread. There should, however, be a certain amount of 
adhesion when a handful of flour is compressed, and if thrown against a wall 
or board some of the flour should adhere. Whan made into a paste with 
water, the dough must be coherent, and draw out easily into strings. 

Taste.—The taste must not be acid, though the best flour is slightly acid to 
test-paper. An acid taste, showing lactic or acetic acids, is sure to give an 
acid bread. 

Smell.—There must be no smell of fermentation or mouldiness. 

Age of flour is shown by colour, grittiness, and acidity. 


Chemical Examination. 


It is seldom that a medical officer will be able to go through a complete 
examination, but he should always determine the following points :— 

1. Amount of Water.—Weigh 1 gramme, spread it out on a dish, and dry 
either by a water bath or in a hot-air bath or oven, the temperature not being 
allowed to go above 200°. The flour must not be at all burnt or much 
darkened in colour. Weigh directly the flour is cold; the loss is the 
percentage of water. 

The range of water is from 10 (in the best dried flours) to 18 in the worst. 
The more water the greater liability of change in the flour, and, of course, the 
less is the amount of nutriment purchased in a given weight. If, then, the 
water be over 18 per cent., the flour should be rejected; if over 16, it should 
be unfavourably spoken of. 

2. Amount of Gluten.—Weigh 10 grammes (or 100 grains, if there are no 
gramme weights), and mix, by means of a glass rod, with a little water, so as 
to make a well-mixed dough; let it stand for quarter of an hour in an 
evaporating dish; then pour a little water on it; work it about with the rod, 
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and carefully wash off the starch ; pour off from time to time the starch water 
into another vessel. After a time, the gluten becomes so coherent, that it 
may be taken in the fingers and worked about in water, the water being from 
time to time poured off till it comes off quite colourless. If there is not time 
to dry the gluten, then weigh; the dry gluten is rather more than one-third 
the weight of the moist; 1 to 2°9 is the usual proportion; therefore divide 
the weight of the moist gluten by 2:9. If there be time, dry the gluten 
thoroughly, and weigh it. This is best done by spreading it out on acrucible 
lid and drying it in the bath. The dry gluten ranges from 8 to 12 per cent. ; 
flour should be rejected in which it falls below 8. If there is much bran, it 
often apparently increases the amount of gluten by adhering to it, and should 
be separated if possible ; in fact, the gluten, as thus obtained, is never pure, 
but always contains some bran, starch, and fat. The gluten should be able 
to be drawn out into long threads ; the more extensible it is the better. It 
is always well to make two determinations of gluten, especially if there is any 
disputed question of quality.* 

3. Amount of Ash.—Take 10 grammes,} put into a porcelain or platinum 
crucible, and incinerate to white ash. Weigh The ash should not be more 
than 2 per cent., or probably some mineral substances have been added ; it 
should not be less than ‘8, or the flour is too poor in salts. 

The incineration of the flour requires a crucible and gas. It is difficult to 
do it over a spirit lamp, as it takes a long time. A small charcoal fire is pro- 
bably the best plan when gas appliances are wanting. 

If the ash be more than 2 per cent., add hydrochloric acid, and see if there 
be effervescence (magnesium or calcium carbonate). Dissolve, and test with 
oxalate of ammonium, and then for magnesia, in the same way a8 in water. 
As flour contains both lime and magnesia, to prove adulteration, the precise 
amount of lime and magnesia must be determined by weighing the incinerated 
calcium oxalate, or the magnesium pyrophosphate. 

If there is no effervescence, add water, and test for sulphuric acid and lime, 
to see if calcium sulphate (plaster of Paris) has been added. In normal flour 
the amount of sulphuric acid is very small. 

Notice, also, if the ash be red (from iron). If clay has been added, it will 
be left undissolved by acids and water. 

If magnesium carbonate has been added, the ash is light, and porous and 
bulky (Hassall). 

An easy mode of detecting large quantities of added mineral substances is 
given by Redtenbacher ; the flour is strongly shaken with chloroform ; the 
flour floats, while all foreign mineral substances fall. This is a very useful 
test. t 

If the water be small, the gluten large, and the salts in good quantity, the 
flour is good, supposing nothing is detected on microscopical examination. 
But in all cases it is well, if time can be spared, to have a loaf made. 

Practical Test by Baking.—Make a loaf, and see if it is acid when fresh, 
and how soon it becomes so ; if the colour is good, and the rising satisfactory. 


* Mr. Wanklyn has proposed to utilise the albuminoid ammonia pocess for determining 
gluten, reckoning that 100 parts of flour yield 1-2 of ammonia. 

+ If only a small crucible be employed a smaller qasaety should be taken, as it is difficult 
to incinerate ; with a moderately good balance, 2 or 3 grammes may be used. 

+ The remaining ingredients can be determined, if necessary, from the starch water, but it 
is seldom necessary to do so. Allow the starch to subside, pour off the fluid, and wash the 
starch by decantation, then dry and weigh ; take all the water and washings, evaporate to a 
amall bulk, add a little nitric acid, and boil; albumen is thrown down ; collect, wash, and 
— Evaporate the whole of the remainder to_dryness, and weigh (mixed dextrine and 
gar). 
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Old and changing flour does not rise well, gives a yellowish colour to the 
bread, and speedily becomes acid. Excess of acidity can be detected by 
holding a piece of bread in the mouth for some time, as well as by test- 


paper. 

Test for Ergot.—There is no very good test for ergot when it is ground up 
with the flour. Laneau’s plan is to make a paste with a weak alkaline solu- 
tion ; to add dilute nitric acid to slight excess, and then alkali to neutralisa- 
tion ; a violet—red colour is said to be given if ergot is present, which becomes 
rosy-red when more nitric acid is added, and violet when alkali is added. 

Wittstein considers this method imperfect, and prefers trusting to the 
peculiar odour of propylamine (herring-like smell), developed by liquor potasswz 
in ergoted flour. I have no experience of this point. 


Microscopical Examination. 


This is especially directed to determine the relative amount of flour and 
bran, the presence of fungi or acari, or the fact of adulteration by other grains. 
Structure of the Wheat Grain.*—It is necessary to refer briefly to the 
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’ Fig. 30.—Transverse Section of Envelopes of Wheat. Scale 1000th of an inch. 


structure of the grain of wheat, as this, of course, must be thoroughly 


understood. 
There are four envelopes (some authors make three, others five or six—the 
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Fig. 81.~-Envelopes of Wheat (longitudinal section). Scale 1000th of an inch. 
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outer coat being divided into two or three), surrounding a fine and very loose 
areolar tissue of cellulose filled with starch grains. 
Envelopes of Wheat.—The drawings show the coats in situ, cut transversely 








* In examining wheat, or any other cereal grains, it is necessary to prepare them before- 
hand by soaking for some time in water. It will then be found easy to demonstrate the 
different structures. By means of a needle and a pair of fine forceps the different coats can be 
removed seriatim, sometimes quite separately, but generally more or less in combination. 
The only one that presents any difficulty is the third coat of wheat or barley, but generally it 
can be found accompanying the second or fourth coats. In the case of barley, the proper 
external envelope of the grain sometimes adheres to the interior of the husk, where it ought 
to be looked for in the event of its not being on the surface of the grain itself. After examin- 
ing the separate coats, sections may be made of the whole grain, so aa to see the structures 7 
situ. The hairs are generally found in a bunch at the end of the grain. The starch grains 
are best demonstrated by picking out a little from the centre of the grain: mixed glycerine 
and water form the best medium for demonstration. 
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and longitudinally, also the separate coats. The outer coat is made up of two 
or three layers of long cells, with slightly beaded walls, running in the direc- 
tion of the axis of the grain. The septa are straight or oblique, and, as will 





BONN 

ties IN Pe : 

— Sy Se 
pean HINAN 


ez 





Fig. 32.—Outer Coat and Hairs of Wheat. Scale 100th of an inch. 


be seen, the cells differ in length and breadth. The size can be taken by the 
scale. The hairs are attached to this coat, and are prolongations, in fact, of 
the cells. In the finest flour the hairs and bits of this coat (as well of the 


other coats) can be found. 


. 





Fis. 38.—Outer Coat and Hairs of Wheat. Scale 1000th of an inch. 


The second coat, counting from without, is composed of a layer of shorter 
cells, more regular in size, with slightly rounded ends and beaded walls, and 
lying at right angles to the first coat, or across the axis of the grain. It is 
impossible to mistake it. The third coat is a delicate diaphanous, almost 
hyaline membrane, so fine that its existence was formerly doubted. Dr 
Maddox, however, has distinctly shown it to have faint lines crossing each 
other diagonally as seen in the drawing, which may be cells. With a little care, 
it is very easily demonstrated. In the transverse section of the envelope it 
appears a8 a thin white line. Internal, again, to this coat what appears to be 
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another coat can sometimes be made out ; it is a very fine membrane, marked 
with widely separated curved lines, which look like the outlines of large round 
or oval cells. The internal or fourth coat, as it is usually called, is composed 





Fig. 34.—Second and Third Envelopes of Wheat. Scale 1000th of an inch. 


of one or two layers (in places) of rounded or squarish cells filled with a dark 
substance which can be emptied from the cells. When the cells are empty, 
they have a remote resemblance to the areolar tissue of the leruminos», and 








bcomteeente summer q 
Fig. 35.—Fourth Envelope of Wheat. Fig. 36.—Fresh sas oi Vrheat (moistened 
Scale 1600th of an inch. x 360. 


there is little doubt that from this cause adulteration with pea or bean has 
been sometimes improperly asserted. 

The Starch Grains of wheat are very variable in size, the smallest being 
almost mere points, the largest ygyyth of an inch in diameter or larger. In 
shape the smallest are round ; the largest round, oval, or lenticular. It has 
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been well noticed by Hassall that there is often a singular want of inter- 
mediate-sized grains. The hilum, when it can be seen, is central, the con- 
centric lines are perceived with difficulty, and only in a small number; the 





Wd 
Fig. 37—Dried and then moistened Starch-grains of Wheat. Scale 1000th of an inch. 
edge of the grain is sometimes turned over so as to cause the appearance of a 


slight furrow or line along the grain. Very weak liquor potassx causes little 
swellings; strong liquor potassez bulges them out, and eventually destroys 





Fig. 38.—Diseased Flour (Puccinia). 


them, There is no difficulty in seeing if the pieces of envelopes are too 
numerous, but it should be remembered the best flour contains some. 


Diseases of Flour. 


Fungi.—Several fungi are found in wheat-flour. The most common fungus 
is a species of Puccinia. It is easily recognised by its round dark sporangia, 
which are either contoured with a double line, or are covered with little pro- 
jections. It is said not to be injurious by some, but this is very doubtful. 
The symptoms have not been well described. 

The smut, or caries, is also a species of Puccinia; has large sporules, and 
gives a disagreeable smell to the flour, and a bluish colour to the bread. It 
is said to produce diarrhea. 

Acarus.—The Acarus farine is by no means uncommon in inferior flour, 
especially if it is damp. It does not necessarily indicate that leguminous seeds 
are present, as stated. It is no doubt introduced from the grain in the mill, 
as I have found it adhering to the grain itself. It is at once recognised. 
Portions of the skin are also sometimes found. 

Vibrvones.—These form for the most part in flour which has gone to 
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extreme decomposition, and which is moist and becoming discoloured. They 
cannot be mistaken. 
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Fig. 39.—Acarus farine (x 85 diameters).—Mites found in flour alive. In the largest 
figures, the insects are considerably compressed, to show the powerful mandibles, and have 
each a ventral aspect. In the smallest and middle-sized insect, we have drawn the dorsal 
aspect ; the former only possesses six legs, as before the first moult ; several ova lie scattered 
in the field of view. It is unknown what office the capsular organs fulfil. They are well seen 
ou each side of the largest figure. 


The presence of Acari always shows that the flour is beginning to change. 
A single acarus may occasionally be found in good flour, but even one should 
be looked on with suspicion, and the flour should be afterwards frequently 
examined to see if they are increasing. 


ig. 40. 
Weevil—Natuval size. 





Fig. 41.—Weevil. Magnified 12 diameters. 


Weevil (Calandra granaria).—The weevil is of ‘course at once detected. It 
is by no means so common in flour as in corn. 
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Ephestia.—The larva of the moth, which feeds on cocoa (Ephestia elutelia), 
has sometimes caused great ravages in flour and in biscuits. At Cork and 
Gibraltar many tons of biscuit have been rendered useless by this larva, which 
appears to have been introduced from the cocoa stored for the fleet. 


Adulterations of Wheat-Flour. 


At present there is very little adulteration of wheat-flour in this country, 
but with rising prices the case may be different. Abroad, adulteration 1s pro- 
bably more common, and the medical officer must be prepared to investigate 
the point. 

The chief adulterations are by the flour of other grains, viz. :— 
Barley, | Rice, 
Potato, Buckwheat, 
Beans and | Millet, 

peas, | Linseed, 
Maize, Melampy- 
Oat, rum, 

Rye, Lolium, 

_ other grains noticed farther on. 
All these are best detected by the 
microscope. 

Other adulterations are by mineral 
substances, viz. : 

Alum, Powdered flint, 

Gypsum, Calcium and magnc- 

Clay, _ sium carbonate. 

These are best detected by chemi- 
cal examination. (For the detection 


in some 
countries, 





Fig. 42,—Barley—Longitudinal Section. 
tly tho sauna va thet of the Starch-grains. Of alum, see the chapter on Brean.) 


Detection of Barley.—This is not easy, but can, with care, be often done. 

The envelopes of barley are the same in number as those of wheat, but they 
are more delicate. The outer coat has three Jayers of cells ; the walls of the 
external layer are beautifully waved, but not beaded; the cells are smaller 
than those of the outer coat of wheat. The second coat, disposed of at right 
angles to the first, as in wheat, is like the second coat of wheat, except in 
being more delicate and not beaded. The third is hyaline and transparent, 
as in wheat. The fourth has the cells similar in shape to the corresponding 
wheat coat, but they are very much smaller, as may be seen on reference to 
the scale, and there are two, or often three, layers. 

The starch grains of barley are very like the wheat, with a central hilum 


* Professor Huxley has kindly given me some interesting details, The larva of the Ephestia 
elutella (or “chocolate moth”) is small, and is never more than half an inch long. The 
female moths fly at night in swarms, and lay their eggs on the biscuits or the puncheons which 
hold them. The larve are soon hatched, and by means of strong jaws and active legs scrape 
and bore their way through crevices; they eat the biscuit, and spoil more than they eat by 
spinning their webs over the biscuit. Cocoa stores swarm with the moths and larve, and they 
even penetrated into vee parts of H.M.S. ‘“ Hercules.” 

After examining into the ravages caused by these larve in the biscuit at Gibraltar, Mr 
sat made the following suggestions :— 

1. To have no cocoa stored in any place in which biscuits are manufactured. 

Z. To head up all biscuit puncheons as soon as they are full of the freshly-baked biscuit. 

8. Coat puncheons with tar after they are headed up, or at least work lime wash well into 
all the joints and crevices. 

4, Line the bread-rooms of ships with tin, so that if the Ephestia has got into a puncheon 
it ag Ppt get into the rest of the ship. 

_ 5. If other means fail, expose woodwork of puncheons to a heat of 200° Fahr. for two hours, 
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and obscure marking, but are on the whole smaller; some have thickened 
edges, instead of the thin edges of the wheat-starch grain, but it is very 
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Fig. 43. Fig. 44. 
Outer Coat and Hairs of Barley (low power). Outer Coat of Barley (higher power). 


difficult, and sometimes impossible to distinguish them. It is theretore 
especially to the envelopes that we must attend. 
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Fig. 45.—Barley (second and third coats). . 


Detection of Potato Starch.—This is a matter of no difficulty ; the starc 
grains, instead of being round or oval, and with a central hilum and obscure 
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° ® . ° « d 
rings, are pyriform, with an eccentric hilum placed at the smaller end, an 
with well-marked concentric rings. Weak liquor potasse (1 drop of 





Teo0 
Fig. 46.—Barley (fourth coat). : Fig. 47.—Barley (Starch-grains). 


pharmacopczial liq. pot. to 10 of water) swells them out greatly after a time, 
while wheat-starch is little affected by this strength ; if the strength is 1 to 3 
(as in the figure), the swelling is very rapid. 





Fig. 49.--Medium and small-sized Potato starch- 
Fig. 48.—Potato Starch x 255. grains, treated with Liq. Pot. Ph. Lond. One- 
See also Plate of Starches. third part and x 285. 


Detection of Maize (Indian Corn).—There are two envelopes ; the outer 
being made up of seven or eight strata of cells ; there is no transverse second 
coat, as in wheat ; the internal coat consists of a single stratum of cells like 
the fourth of wheat, but less regular in shape and size. The cellulose, through 
the seed holding the starch in its meshes, forms a very characteristic structure, 
which on section looks like a pavement made of triangular or square pieces ; 
the cells are filled with the starch-grains, which are very small, and 
compressed, so as to have facets. They are very different from the smooth, 
uncompressed round cells of wheat. 
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Bits of cellulose, with its peculiar angular markings, are always found if the 
wheat is adulterated with maize. = 
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Fig. 50.—Indian-Corn Flour. See also r Cellulose of Indian Corn x 500, with mark. 
Plate of Starches. ings from the starch-grains on the inter- 
cellular membrane, 





Fig. 51.— Longitudinal section of Coats of Indian Corn and Cellulose x 190. 


Detection of Bean and Pea.—These adulterations are also at once discovered ; 
the meshes of cellulose are very much larger than those of the fourth coat of 
wheat, with which it has sometimes been confounded, and the starch-grains 
are also quite different ; they are oval or reniform, or with one end slightly 
larger ; they have no clear hilum or rings, but many have a deep central longi- 
tudinal cleft running in the longer axis, and occupying two-thirds or three- 
fourths of the length, but never reaching completely to the end ; this cleft is 
sometimes a line, sometimes almost a chasm, and occasionally secondary clefts 
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abut upon it at parts of its course : sometimes, instead of a cleft, there is 
« e Y . : ae 
irregular-shaped depression. If a little liquor potasswe be added, the cellulose 
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Fig. 52.—Bean Starch. 


is seen more clearly. Pea flour is never added to a greater extent than 4 per 
cent., a8 it makes the bread heavy and dark. If the flour be mixed with a 
little boiling water, the smell of the pea or bean is perceptible.* 





ere 
Fig. 58.—Pea Flour. 


Detection of Oat.—There are two or three envelopes ; the outer longitudinal 
cells ; the second obliquely transverse, and not very clearly seen ; the cells are 








* A chemical test has been given by Donné to detect admixture of garden beans. The 
powder is smeared round the inside of a small vessel; at the bottom of the vessel seven or 
eight drops of nitric acid are allowed to fall, and are evaporated by means of a lamp, the 
vessel being partly covered to prevent too rapid evaporation; when the flour has partly 
become brown, a few drops of ammonia are put in the capsule, and left to spontaneous evapora- 
tion. A beautiful red colour forms about the centre of the flour where the action of the nitric 
acid has Leen neither too strong nor too feeble. A lens will pick out at once the red points of 
the bean flour. This reaction must be marked to be of any value.* Several other tests have 
per se , but are imperfect and really unnecessary, for the microscopic characters are 
gufficient. 


® Stas has given facts which appear to greatly lessen ite value.—Squillier, Des Subsist. Mil. p. 93, 
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wanting in parts, or pass into the cells of the third coat; the third a la 
usually single, of cells like wheat, The husk must be detached before de 
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Fig. 54.—White Oat—Long. sect., 2d and 3d ‘coats not separable. a Compound grains x 100, 
b One do. x 500. 


envelopes are looked for. The starch-cells are small, many-sided, and cohere 
into composite round bodies, which are very characteristic, and which can be 
broken down into the separate grains 
by pressure. A high power is the 
best for this. The oat starch does 

not polarise light. There is no ey 
difficulty in the detection of the 
starch grains. 

Detection of Rice.—The husk of 
rice 1s very peculiar; on the outer 
coat are numerous siliceous granules, 
arranged in longitudinal and trans- ¢ iy “ 
verse ridges (figs. 56 and 57) (a). (NES gy BN 
There are numerous hairs, some of (/ ey P 
which are seated over stomata. Be- ~ 
low this is a membrane of transverse 
and longitudinal rough-edged fibres 
(6c), while below these again is a fine 
membrane of transverse angular cells 
(), ee a very ae mem- 

rane of large cells. e starch cor- a oe 
puscles age emall, (fig. 55) ; Fig. 55.—Ground Rice Flour x 350; 
angular under low powers ; under high powers they are seen to be facetted and 
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compressed. They cannot be mistaken for the round cells of wheat, but may 
be sonfoandad with oat starch, from which, however, they are distinguished 
by the absence of the compound cells or glomeruli. Their shape is also a 
little like maize, but they are very much smaller. 
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Fig. 56.—Race x 170. " ™ Fig, 57.—Rice x 178. 


Tig. 66. Transverse section of the Husk of Rice, .  .. ; : : ; \ x 170 

Tig. 57. Appearance of Husk as seen in a transparent medium of glycerine and gum, i 
ad, Siliceous granules, arranged in longitudinal and transverse ridges, perforated by openings— 
stomata, some having hairs seated over them. 6c, Transverse and longitudinal, brittle, rough- 
edged fibres. ad, A fine membrane of transverse angular cells; these overlie a very delicate 
membrane of large cells e. 





Detection of Rye.—The envelopes are very like those of wheat, and can 
perhaps be hardly distinguished. The recent starch grains are also extremely 
like those of wheat, but the older and drier grains 
have sometimes a peculiar rayed hilum. I have 
seen this, however, in very old wheat, but never 
to the same extent as in rye. 

Rye, if in any quantity, is discovered by 
baking ; it makes a dark, acid bread. 

Linseed is not a common adulterant. The 
envelopes are peculiar: the external is made up 
of hexagonal cells, containing oil; the second of 
round cells; the third of fibres; and the fourth 
of angular cells, containing a dark reddish colour- 
ing matter. 
schgthgne pres pennies we oy 
Fig. 58.—Rye-s with rayed pyrum esculentum).—Like rye, this is only likely 

‘Bitum (after Hassall) x 420. to be found in wheat coming from the Baltic. 
The drawing sufficiently shows the texture of the envelopes, which is very 
complicated. The starch-grains are small and round, and adhere together in 
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“masses, Under a high power there are indications of concentric rin 
Bread made with this grain has a darkish, somewhat violet, colour, a 
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Fig. 59.—Rye—1. Transverse section of Testa, &c., x 108 ; 2. Coats in situ from without, x 170. 
a, External ; 6, Middle;; c, luternal coat ; @, Starch-graius, x 108. 





Fig. 60. --Outer coat of Buckwheat, ap- Interna] coats. The most internal is com- 
pereutly of irregular and interlacing posed of cells with an irregular waved * 
brospiral cells, separable by boiling outline, and longitudinal cells over the * 
the testa and macerating it. Outside starch-cells x 170. 


these cells isa very thin and delicate 
membrane, retaining the marks of at- 
tachment of the spiral cells, x 170., 


Millet.—In India, Egypt, China, and West Coast of Africa, millet of some 
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kind is likely to be an adulteration. Dr Maddox’s drawing (page 239) shows 
the beautiful structure of the envelopes, which could not be confounded with 
those of wheat. The starch-grains are very small, round, and tolerably 
uniform in size. 
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Fig. 61.—Buckwheat—Transverse section of outer, middle, and internal \ x170. 
coats, with cellulose containing starch grains, . ; . § Starch-grains x 50) 

Melampyrum arvense and other species (Purple cow-wheat—Scrophu- 
lariaceew).—This has occasionally been mixed with flour; it is not injurious, 
but gives the bread (not the flour) a peculiar smoky violet or bluish-violet 
tint. This depends on a colouring matter in the seed, which, when warmed 
with acid, gives the violet colour.* 

Trifolium arvense (Trefoil—Lequminose).—This also gives the bread a red 
violet colour. It is not known to be injurious. 

Rhinanthus major and crista-galli (Yellow-rattle—Scrophulariacew) gives 
bread a bluish-black colour, a moist sticky feel, and a disagreeable sweet taste. 
Tt is not injurious. Onobrychis sativa (Sainfoin—Lequminose) has also been 


Lolium temulentum (Rye-grass—Graminew. Other species may be used.)— 
This gives the bread no colour, but produces narcotic symptoms, vertigo, 
hallucinations, delirium, convulsions, and paralysis. Pellischek states that 


* Pellischek, Schmidt’s Jahrb. 1868, No. 8, p. 287. 

+ ‘The peculiar symptoms produced by the Lolium temulentum, or bearded Darnel, were well 
known to the ancients. Pereira states that the first symptoms are gastro-intestinal, such as 
vomiting and colic, and then cerebro-spinal symptoms come on, viz., headache, giddiness, 
tinnitus, confusion of sight, dilated pupils, delirium, trembling, and paralysis (Elements of 
Materia Medica, 1850, vol. ii. p. 977). e same effects are produced on eulmnale: Pereira states 
that he did not succeed in obtaining the chemical test noted above, viz., the green alcoholic 
solution and the yellow resin on evaporation. Hassall s the starch of the lolium 
as small and something like rice ; fifty or sixty may adhere together and form a compound, 
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these symptoms do not occur if the grain be dried in an oven before baking, 
or if the bread is left for some days before being used. The detection of the 
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Fig. 62.--Millet Seed—a, Transverse section of Testa coats, seen from inside ; a, Outer; 
b, Middle ; c, Inner coat x 170; 6, Starch-grains x 500. Scale 1-1000th inch. 


lolium is best effected by means of alcohol, which gives a greenish solution 
with a disagrecable repulsive taste, and on evaporation a resinous yellow-green 
disagreeable extract is left. Pure flour gives with alcohol only a clean straw- 
coloured solution, with an agreeable taste (Pellischek). 

Bromus or Serrafalcus (Brome-grass—Graminee ; different species— 
Arvensis or Secalinus).—Pellischek states that the seeds of this plant give the 
bread a dark colour, and make it indigestible. It is probably a most uncom- 
mon adulteration. 


It will be found that when mixed with flour, the microscope will detect 


grain not very unlike the oat. The envelopes are tolerably distinctive; the cells of the outer 
coat are made up of a single layer, and are disposed transversely instead of longitudinally. 
The second coat is in two layers, and the cells have a vertical arrangement. The third coat 
is like the inner coat of wheat. This account is taken from Hassall. J have not examined this 
grain myrelf. ; ; 

It is not very likely that any other grains except those mentioned in the text will be mixed 
with wheat flour. The seeds of the Peruvian food, the Chenopodium Quinoa have not to my 
knowledge been used as a falsification. The starch-grain of the Quinoa are said to be the 
smallest known. It may be worth remarking that this seed is very rich in salts (2°4 per cent.), 
and particularly so in iron (‘75 per cent.) ; indeed it is, I believe, the richest in iron of any 
vegetable. It is possible that it might be a useful food in some cases of illness. It is fairly 
nutritious and digestible. ; ; 

The atarch-grains of the acorn, which might perhaps be added in times of great scarcity, 
would be immediately detected, as they have a very characteristic central depression, and are 
also quite different in shape from the flat, round, smooth starch-cells of the wheat and barley. 

The microscope alone will seldom be able to recognise added mineral matters, because these 
are not in very large quantity, and even inthe best flour some small amount of mineral sub- 
stances, derived either from the outer coats or from the mill, can be seen. The addition of 
mineral matters is best determined chemically, but if it is peas da with the microscope, the 
gluten should be separated first ; the starch should then be well mixed with water, and then 
allowed to subside in a conical vessel. In the lower part of the®vessel the mineral matters will 
be found in greatest amount. Ifa little iodine be added to distinguish the starch-cells, the 
microscope may then recognise Saget an unusual quantity of round or perhaps angular 
particles. If they are bone or chalk, acetic acid will dissolve them ; if clay, the acid will not 
affect them ; or the sediment, when chloroform is mixed with flour, may be examined. _ 
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readily many of these substances. ‘Detection is often very difficult when the 
flour is made into bread, and therefore, whenever from the bread there is any 
cause of suspicion, means should be taken to obtain some of the flour. 

Cones flour.—A flour obtained from Revet wheat is used by bakers for 
dusting their troughs. Hassall has found this Cones flour to be greatly 
adulterated with rice,* maize, beans, rye, and barley. Sometimes Cones flour 
is mixed with good flour. All these impurities have been already described. 


Cooking of Flour. 


The effect of heat is to coagulate the albumen, and to transform some of 
the starch into dextrin. Substances are also added to the bread to cause a 
further transformation of the starch. 

Cakes.—The unfermented cakest are simply made with water and salt. As 
they are very readily made, are agreeable to taste, and nutritious, it is very 
desirable to teach every soldier to make them ; so that in war, when bread is 
not procurable, he may not be confined altogether to biscuit. The Australian 
“damper ” is simply made by digging a hole in the ground, filling it with a 
wood fire, and, when the fire has thoroughly burnt up, removing it, placing 
the dough on a large stone, covering it with a tin plate, and heaping the hot 
ashes round and over it. In a campaign, every soldier, if he could get flour 
and wood, would soon learn to bake a cake for himsclf. The only point of 
manipulation which requires practice is not to have the heat too great ; if it 
be above 212° too much of the starch is changed into dextrin, and the cake 
is tough. Exposed to greater heat, and well dried, the unfermented cakes 
become biscuit. 

Maccaroni is flour from a hard Italian grain, moistened with water, and 
pressed through a number of small openings, while at the same time heat is 
applied. As it is very nutritious in small bulk, and keeps well, it would be 
a good food for soldiers in war if its cost could be lessened. 


Sus-Szction II.—Bisovrr.t 


To make biscuit, flour is often taken with little or no bran (on account of 
the hygroscopic properties of bran); but bran is also sometimes used ; no salt 
is added. The simplest biscuits are merely flour and water. Some biscuits 
are made with milk, eggs, &c. 

Choice of Bicuit.—Biscuit should be well baked, but not burnt ; of a light 
yellow colour, and should float in water ; when struck, it should give a ring- 
ing sound ; and a piece put into the mouth should thoroughly soften down. 
It should be free from weevils, which are easily seen. (See page 230 for a 
notice of the Ephestia. ) 

Advantages as a Diet.—As it contains little water, and, bulk for bulk, is 
more nutritious than bread, three-fourths of a pound are usually taken 
to equal 1 Ib of bread. Its bulk is small, and it is easily transported. 

Disadvantages.—Like flour, it is deficient in fat. After a time, it seems 
difficult of digestion. Perhaps the want of variety is objectionable ; but cer- 
tain it is, that men do not thrive well upon it for long periods. In war, it 
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* Several samples I have examined contained nothing but rice. This is sometimes sold as 
‘Rice Cones.” (F. de C. 
+ The Chupatty of India. 
_ ~ Composition of Biscuit :— 
ater, ® . « e 8 to 12 Sugar, ° ) ° e 19 
Nitrogenous substances, . 15 | Fat, - 2. ‘ 18 
Dex 9 a e a e 3°8 Starch, e . ry « 72 to 76 
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has always been a rule with the best English army surgeons, for more than a 


century, to issue bread as much as possible, and to use biscuit only in cases 
where it cannot be avoided. 


Sus-Szction [V.—Breap.* 


If carbonic acid gas is any way formed in or forced into the interior of 


dough, so as to divide the dough into a number of little cavities, bread is 
made. 


There are three kinds of bread :— 

1. Carbonic acid is disengaged by a fermentative procoss, caused by yeast 
or leaven. During the baking a certain amount of performed sugar yields 
carbonic acid ; a portion of starch is converted into dextrin and sugar, and 
also yields carbonic acid; a little lactic and butyric acids, and extractive 
matters are formed. It is of importance to prevent this change from going 
too far; and herein is one of the arts of the baker; and it is partly to 
prevent this that alum is added, which has the property of arresting the 
change. 

In making bread, the proportions are 20 tb of flour; 8 to 12 tb of tepid 
water ; 4 oz. of yeast, to which a little potato is added, and 1} to 2 oz. of salt ; 
280 ib of flour (1 sack) will give from 90 to 105 4-1b loaves ; or 100 tb of flour 
will make from 129 to 150 fb of bread. If there is 14 por cent. of water in 
the flour, the bread will contain in the former case 33°1 per cent., and in the 
latter, 42°7 per cent. If 100 i of flour contain 14 per cent. of water, and 
make 1414 fb of bread, the bread will contain 40 per cent. of water; the 
baker always endeavours to combine as much water as he can so as to get more 
loaves. 64 Ib of dough yield 6 tb of bread. Machines are now generally 
used for mixing the dough (Stevens’ Machine). 

2. Carbonic acid is disengaged by mixing sodium or ammonium carbonate 
with the dough, and adding hydrochloric, tartaric, phosphoric, or citric acids. 
Baking powders are compounds of these substances. 

3. Carbonic acid is forced through the dough by pressure (Dauglish’s patent 
acrated bread). This process has the great advantage of rendering it impossible 
that the conversion of starch into dextrin, sugar, and lactic acid shall go too 
far. About 20 cubic feet of carbonic acid (derived from chalk and sulphuric 
acid), are used for 280 tb of flour; and about 11 cubic feet are actually 
incorporated with the flour (Odling). 


Advantages of Bread as an Article of Diet. 
It is hardly necessary to mention these. The great amount of nitrogenous 
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* Cumposition of Bread :— 





pide Fat. Starches, &c. 
English Baker’s Bread :— 
aximum nutriment, . 8°57 15 56°98 
Minimum nutriment, . 6°93 1 48°07 
French Commissariat :— 
Old formula, 72 1°5 | 47 
New formula, 79 15 52°6 
Austrian Commissariat, 6°2 1°4 46 





e nitrogen in 100 parts of dry bread, in eleven different armies (examined by Poggiale), 
eared rai 2°26 per cont (French) to 1°12 per cent. (Prussian), In the usual En Tiel inilitar 
hospital bread it is from ‘9 to 1:2 per cent. of the undried bread, or 1°7 per cent. of dried bread, 
According to Reichenbach, the crust contains a-substance (assamar), which has an influence in 
retarding tissue metamorphosis. 








242 FOOD. 


matters and starch it shares with flour; the nitrogenous substance is to the 
carboniferous as 1 to 6:3 (Forbes Watson, Odling). It therefore requires 
more nitrogen for a perfect food. The process of baking renders it more 
digestible than flour. No satiety attends its use, although it may be always 
made in the same way; this is probably owing to the great variety of its 
components. 

Disadvantages.—It is poor in fat and some salts, especially in the case of 
the finest flour freed from the internal envelope. Therefore we see that the 
practice of using fat with it (butter for the rich, fat bacon for the poor man) 
is extremely common. As to the relative advantages of the three methods of 
making bread, the last (aeration by carbonic acid) is said to have the advantage 
of making white bread, though the inner envelopes are left; of not causing 
any loss of starch, or permitting the change to go too far; of not containing 
any unwholesome yeast. The system of making bread with yeast has been 
objected to on the ground that bad yeast is often used ; the fermentative changes 
go on in the stomach, much carbonic acid gas is disengaged, and dyspepsia, 
flatulence, and unpleasant sensations, such as heart-burn, are produced. 
There is no doubt that badly prepared bread gives rise to these symptoms, 
though whether this is owing to bad yeast is, I think, uncertain. The second 
method yields a wholesome bread, but is too expensive for common use, and 
it has also been pointed out that the hydrochloric acid of commerce always 
contains arsenic. The amount would be too small to be hurtful, but might 
be of medico-legal consequence. 


Special points about Making of Bread. 


Bread may be of bad colour—rather yellowish, from old flour; from grown 
flour (in which case the changes in the starch have generally gone on to a 
considerable extent, and the bread contains more sugar than usual, and does 
not rise well), and perhaps from bad yeast. The colour given by admixture 
of bran must not be confounded with yellowness of this kind. 

Bread is also dark coloured from admixture of other grains, as already 
noticed under flour (rye, buckwheat, melampyrum, sainfoin, &c.) Bread may 
be acid, from bad flour giving rise to an excess of lactic and perhaps acetic 
acids, or, it is said, from bad yeast. In finding the cause of acidity in bread, 
look first to the flour, which may be old, and a little discoloured, and too 
acid ; if nothing can be made out, examine the yeast, and change the source 
of supply; then look to the vessels in which the dough is kneaded, and to 
the water. Enforce great cleanliness on the part of the men who make up 
the dough. In India bread becomes sour from bad cleaning of theflour. Dr 
Godwin, R.A.,* states that at Bareilly the wheat was imperfectly ground in 
small hand-mills; it was then separated by shifting into four portions, viz, 
bran; ‘“attar,” which corresponds to pollards; “soojie,” which consists of 
gluten and starch ; and “ maida,” which is nearly all starch. The soojie, from 
imperfect grinding, is granulated, and chiefly used for bread, a small portion 
only of maida being mixed with it. To cleanse the wheat before grinding it, 
it was washed and then dried in heaps in the sun; this caused fermentation 
and a rapid development of acidity. The heaps of corn were quite hot to the 
feel. A very acid bread was given, but when the wheat was not thus washed 
it yielded a good bread. 

Bread is heavy and sodden from bad yeast fermenting too rapidly, or when 
the fermentation has not taken place (cold weather, bad water, or some other 
cause, will sometimes hinder it), or when the wheat is grown ; when too little 


* Army Medical Report, vol. vii. p. 451, 
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or too much heat has been employed. It is said, also, that if the flour has 
been dried at too great a heat (above 200°), the gluten is altered, and the 
bread does not rise well. It is bitter from bitter yeast. 

It becomes mouldy rapidly when it contains an excess of water. 

Rice is used as an addition because it is cheaper; it retains water, and 
therefore the bread is heavier. Rice bread (if 25 per cent. of rice be added) 
is heavier, of closer texture, and less filled with cavities. Potatoes are some- 
times added, but are generally used only in small quantity with the yeast. 

Alum is added to stop an excess of fermentation, when the altering gluten 
or cerealin acts too much on the starch, and it also whitens the bread ; it does 
not increase the amount of water; it enables bread to be made from flour 
which otherwise could not be used. Sulphates of copper and of zinc, in very 
smali amount, are sometimes employed for the same purpose. 

For acid flour, lime water is used instead of pure water ; lime water has this 
advantage that, while it does not check the fermentation of yeast, it hinders 
the action of diastase on starch. It must be caustic lime water, and not chalk 
and water as sometimes is the case. 

After being taken from the oven bread begins to lose weight.* The 4-tb 
loaf loses, — 

In the first 24 hours, . , : : 12 ounce, 
In 48 ,, : : : : 5, 
» 60 ,, ; : : ‘ Ll. & 
AO cay : : : 83 
But this is merely an average, and is altered by amount of crust, temperature, 
and movement of air. 

Loaves are generally weighed when hot, and that is considered to be their 
weight. In the Austrian army, a loss of 2°9 per cent. in four days is 
permitted. 

When loaves become stale they can be rebaked, and then taste quite fresh 
for twenty-four hours ; after that they rapidly change. 

Old biscuit also, mixed with water, can be rebaked, and becomes palatable. 

In the French army different kinds of bread are used :¥ ordinary bread ; 
biscuited bread ; bread half biscuited; bread one quarter biscuited ; hospital 
bread. The “ Pain biscuité” is used only on service ; it is baked more firmly 
than ordinary bread. 

Pain de munition ordinaire keeps 5 days in summer and 8 in winter, 


»» au quart biscuité » 10 to 15 days. 
5, demi 5 » 20 to 30 ,, 
», biscuité » 40to 50 ,, 


The French munition loaf weighs 1:5 kilogrammes (3°3 ib avoir.), and con- 
tains two rations of 760 grammes (each 1°65 tb). The ration of biscuit is 550 
grammes (1:2 ib). 

It would be useful to adopt the practice of strongly baked bread in our 
army ; it is a good substitute for biscuit. 

Compressed Bread.—(See Concentrated Foods.) 


Examination of Bread. 


There is, perhaps, no article on which the medical officer is more often 
called to give an opinion. 

General Characters.—There should be a due proportion, not less than 30 
per cent., of crust ; the external surface should be well baked, not burnt ; the 


* For some recent experiments on this point, see Report on Hygiene, Army Merlical 
Reports, vol. xviii. 
 t Code des Officiers de Santé, 1868, 
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crumb should be permeated with small regular cavities ; no parts should be 
heavy, and without these little cells ; the partitions between the cavities 
should not be tough ; the colour should be white or brownish from admixture 
of bran ; the taste not acid, even when held in the mouth. If the bread is 
acid the flour is bad, or leaven has been used ; if the colour changes soon, and 
fungi form, the bread is too moist ; if sodden and heavy, the flour is bad, or 
the baking is in fault; the heat may have been too great, or the sponge badly set. 

Chemical Examination.—This is conducted chiefly to ascertain the amount 
of water, acidity, and the presence of alum or sulphate of copper. 

Water.—Take a weighed quantity (say 10 grammes) of crumb, and dry 
in a water bath; powder, and then dry again in a hot-air bath or oven, and 
weigh ; the water should not be more than 45 per cent. ; if more, the bread is 
pro tanto less nutritious, and is liable to become sooner mouldy. 

Acidity.—This can be determined by a standard alkaline solution. (See 
Beer.) At present few observations have been made on this point, but it may 
be important as indicating bad flour. In good bread the acidity on first 
baking is very trifling ; it increases slightly for five or six days.* 

Alum.—The determination of the presence of alum is not difficult, but the 
quantitative analysis is necessary, since it has been shown by Wanklyn that 
unalumed bread may contain an appreciable amount. Many processes have 
been proposed,t some of which are merely modifications of each other. The 
following seems the most simple :— 

lst part.—Take at least 4 tb of crumb, put in a mortar, and soak it well in 
‘pure cold water ; filter, and get as clear a fluid as possible ; add a few drops 
of hydrochloric acid, and then chloride of barium. If there is no precipitate 
no alum can have been added, and the process need not be proceeded with. 
If there is a slight precipitate, it may be accounted for by sulphate of lime or 
magnesia in the water added, or of sulphate of magnesia in the salt, or by the 
slight amount of sulphuric acid naturally existing in the grain, or added during 
the grinding. Perhaps the medical officer will know whether the water or 
the salt. contains sulphates, and if so, the absence of alum may be inferred. 
If there be a large precipitate, the presence of alum is probable, but is not 
certain, and the process must be continued. 

2 part.—Dupre’s process, as moditied by Wanklyn, seems on the whole 
the simplest and least liable to error, as it gets rid of one great source of fallacy, 
namely, the presence of alumina in the liquor potasse, which reagent is not 
required, The process is as follows :—Take 100 grammes (=3} ounces) of 
bread ; incinerate for 4 or 5 hours in a platinum dish to a grey ash ; weigh 
(the ash should not sensibly exceed 2 grammes) ; moisten with 3 C.C. of pure 
hydrochloric acid to separate silica ; add 20 to 30 C.C. of distilled water, boil, 
filter ; wash the filter well with boiling water ; add to the filtrate, which con- 
tains the phosphates of calcium, magnesium, aluminium, and iron, 5 C.C. of 
liquor ammonite (sp. gr. 880), which causes a precipitate of these phosphates ; 
then add gradually 20 C.C. of strong acetic acid, which partially clears the 
fluid by dissolving the phosphates of calcium and magnesium ; boil and filter. 
The undissolved part is a mixture of phosphate of aluminium and phosphate 
of iron; wash, precipitate well with boiling water, dry, ignite, and weigh. 

The iron must now be determined in this precipitate. This may be done 


* In three samples of bread, condemned as inferior, I found 6°2, 6°6, and 8°3 grains of acid 
(reckoned as crystalline oxalic) per Th (=0°89, 0°92, and 1:19 grammes per kilogr. In two 
samples of good bread, but rather underbaked, 4° and _5°8 respectively (=0°57 and 0°76 per 
sas ae further experiments, see my Report on Hygiene, Army Medical Reports, vol. 
xviii. (F. de C.). 

+ By pollmans, Letheby, Odling, Wentworth Scott, Crookes, Hassall, Hadow, Horaley, 

~ yn. ; 
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by the permanganate, but Wanklyn’s colorimetric test is probably better : it 
is a8 follows :—Dissolve 1 gramme of pure iron wire in nitro-hydrochloric 
acid ; precipitate the ferric oxide with ammonia ; wash the precipitate, dissolve 
it in a little hydrochloric acid, and dilute to 1 litre: one C.C. therefore equals 
1 milligramme of metallic iron ; when used it is diluted 1 in 100 so as to 
make a solution, of which each C.C. contains +4,th milligramme (= 0°01 of 
a milligramme)’of metallic iron. To use this, dissolve the phosphates of 
aluminium and iron (obtained by the above described process) in pure hydro- 
chloric acid, and dilute to 100 C.C. Test the solution to see if it give a deep 
colour with ferrocyanide of potassium: if the colour is not too deep take 50 
C.C. of the solution, but if it be deep take a smaller quantity, and make it 
up to 50 C.C. with distilled water, taking care that it is well acidulated. 
Put it in a cylindrical glass and add 1 or 2 C.C. of solution of ferrocyanide 
of potassium: a blue colour is given. In another glass 1 C.C. of strong 
hydrochloric acid is put, and 50 C.C. of distilled water; 1 or 2 C.C. of 
ferrocyanide are added ; the standard solution of iron is then dropped in till 
an equal colour is produced. The amount of iron is then read off and 
calculated as phosphate (1 of iron = 2°696 FePO,). Deduct the weight from 
the total weight of phosphate of aluminium and iron; the remainder is 
phosphate of aluminium (= AIPO,), of which 1 part equals 0:42 alumina, or 
2°1 dry or 3:9 crystallised potassium alum; or 1°9 dry or 3:7 of crystallised 
ammonium alum, which last is almost the only kind now in the market. 

Wanklyn considers that unalumed bread may contain 5 or 6 milligrammes 
(=0-005 per cent.) of phosphate of aluminium in every 100 grammes of 
bread.* It will be well to deduct this amount from the total amount of 
phosphate of aluminium found; the remainder will represent the amount 
corresponding to alum added. 

Dr Letheby has also used a decoction of logwood as a test; a piece of pure 
bread and a piece of suspected bread are put in a glass containing freshly 
prepared decoction, and left for twenty-four hours; the pure bread is simply 
stained, the alumed bread is dark purplish, as the alum acts like a mordant. 
Mr Hadow has also used this test with advantage, but Mr Crooks, after many 
experiments, came to the conclusion that it was valueless.t Mr Horsley has 
used it largely, and estimates it highly. His process is as follows—a tincture 
of logwood is made by digesting for eight hours two drams of freshly-cut 
logwood in five ounces of methylated spirit. A saturated solution of 
carbonate of ammonium is also made, A tea-spoonful of each solution is 
mixed in a wine-glassful of water, in a white ware dish; a slice of bread is 
put in for five minutes, then removed, and allowed to drain; in an hour or 
two it turrs blue if alum be present.t 


Alum is not much used except with inferior bread.§ The amount of alum 
in bread is said to be, on an average, 3 ounces to a sack or 280 bb of flour; if 
the sack gives 105 4-ib loaves, there will be 16 grains in a 4-Ib loaf; if 
crystallised alum is meant by this, there will only be about 8 grains of dry 
alum|| in a 4-fb loaf. Hassall states the quantity to be } Ib (8 ounces) to 240 


* This equals about 5 or 6 sain of crystallised ammonium alum per 4 Yb loaf. 

t Chemical News, Sept. 1862. 

t Chemical News, May 1872. 

§ stk on Journeymen Bakers, 1862, p.164, See also Odling’s Papers. Hassall, however, 
found alum in half the loaves examined. A writer in the Lancet (Jan. 1872) states that at that 
date alum was found in 10 out of 20 loaves, and the amount was from 12 to 96 grains in the 4 Ib 


loaf. 
|| Mitchell, in his Treatise on the Falsifications of Food, gave a much greater amount ; but 
there is little doubt his alumins was not pure, 
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Ib of flour, but that the quantity differs for old and new flour. A very good 
witness,* in the inquiry into the grievances of the journeyman bakers, gave 
the quantity at 10 ounces per sack ; this would give 41°6 grains per 4-Ib loaf. 
When mixed with flour and baked, the alum is decomposed, part of the 
alumina combines most strongly with phosphoric acid ; and either this or the 
alum itself is presumed to be in combination with the gluten; bisulphate of 
potassium is probably formed. 

The effects of alum on the flour during the baking have been already 
noticed. The effects on health will be presently considered. 

Cupric Sulphate.—Cut a smooth slice of bread, and draw over it a glass rod 
dipped in potassium ferrocyanide. If copper be present a brick-red colour 1s 
given by the formation of ferrocyanide of copper. The test is’ very delicate. 
It is believed to be a very rare adulteration in England. It has been said 
that cobalt is used instead of copper. It is probably a very rare adulteration ; 
it can be detected by the blueness of the ash. 

Potatoes.—If potatoes in any quantity have been added, the ash of the 
bread instead of being neutral is alkaline; this can only occur from sodium 
carbonate having been added, or from the presence of some salts of organic 
acid, citrates, lactates, tartrates, which form carbonates on incineration. But 
if it be from sodium carbonate, the solution of bread will be alkaline, so that 
it can be known if the alkalinity is produced during incineration. If so, it 18 
almost certain to be from potato. 

Examination of Yeast.—Common brewers’ yeast is not likely to be 
adulterated. If any solid mineral substances are mixed with German yeast, 
they are detected cither by washing or by incineration. Dr Letheby found 
German yeast, imported in 1863, to be adulterated with 30 per cent. of pipe- 
clay. 

Microscopical Examination of Bread. 


Under the microscope some starch-cells can be seen, but they are generally 
enlarged and partly broken up; often they are broken up altogether, and 
form little angular masses which might be mistaken for rice starch-grains. 
The gluten forms little stringy masses. Sometimes with a low power some 
dark points are seen; under a high power, 500 or 600 diameters, these are 
found to be formed of a number of dark little rods joined together. This is 
a kind of bacterium often found in large quantities in yeast, and is carried 
into the bread. It must not be mistaken for an impurity. 

Fungi.—-The most common fungus is a kind of Penicillium (sitophilum and 
roseum), greenish, brownish, or reddish yellow colour; sporules, sporangia, 
and mycelium can all be seen. The Oidium aurantiacum has been several 
times detected in France and Algeria; it is distinguished by its orange-red 
colour. A greenish mucor is often found in bread. I have not yet seen the 
Puccinia so common in flour. 


Microscopical Examination for Adulterations. 


Rice flour cannot be detected unless it is in very large quantity; then the 
number of small angular grains may create suspicion, often unfortunately 
nothing more than suspicion. Potato starch is often completely broken up 
and cannot be detected; potato itself is used, little masses of it can often be 
found, and some starch-grains with eccentric hilum. Incineration for the 
alkaline ash is useful in this case. 





* Report on the Journeymen Bakers, 1862, p. 168. Some of the statements are beyond even 
this amount—I to 4 Tb per 1000 (4-Ib ?) loaves (p. xxxvi.) ; but this is probably an exaggeration. 
+ I have to thank my friend Dr Campbell Brown for this information. 
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' Bean and pea flour, if more than 4 per cent., give a dark colour to the 
bread, the starch cells can often be found; moistening the bread with hot 
water sometimes produces the peculiar smell of the pea. 

The microscopical examination of bread for adulteration is unsatisfactory; 
the flour should be examined instead, whenever it can be obtained. 


Diseases connected with the Quality of Flour and Bread. 


1. The Flour originally bad.—It may be ergoted, or grown and fermenting, 
or with fungi forming. An anomalous disease approaching to ergotism should 
lead at once to an examination of the flour. The fermenting flour produces 
dyspepsia and diarrhwa; the heat and moisture of the stomach, no doubt, 
excite at once very rapid fermentation ; the gluten, already metamorphosing, 
acts very energetically on the stareh, and carbonic acid is rapidly developed ; 
hence uncomfortable feelings, flatulence, imperfect digestion, and diarrhcea. 
Tt is to remedy this condition of flour that alum is added, and some of the 
effects ascribed to alum may be really owing to the flour. 

The most important disease connected with flour is, however, ergotism ; this 
is less common in wheat than in rye flour, but yet is occasionally seen. 
Sometimes ergoted meal produces at once violent stomach and intestinal 
symptoms, at other times primary digestion is well performed, and the early 
symptoms aro great general depression and feverishness, ushering in the local 
symptoms of acrodynia. 

2. Flour originally good, but altering either from age or from not having 
been well dried.—Tho bread is often acid, and sometimes highly so; this may 
produce diarrhcea, though I have known such bread used for a long time 
without this effect ; usually persons will not eat much of it, and thus the 
supply of nutriment is lessened. If the bread be too moist, fungi form, and 
the Oidium aurantiacum, in particular, has been known in Algiers to give 
rise to little endemics of diarrhwa (Boudin and Foster).* The Mucor mucedo 
either does not produce this, or rarely. It should be remembered, however, 
that mouldy oats (the fungus being the Aspergillus) have given rise to 
paralytic symptoms in horses, so that these fungi are to be looked on with 
suspicion; ¢ and a new caso of the kind has lately been reported by H. 
Hoffman in Giessen (Virchow’s “ Archiv,” band xliii. p. 173). Professor 
Varnell also states { that six horses died in three days from eating mouldy 
oats ; there was a largo amount of matted mycelium, and this, when given to 
other horses for experiment, killed them in thirty-six hours; there was a 
“ neculiar growth” on the mucous membrane of the small intestine. It is 
not known that the Acarus so common in flour has any bad effects when 
eaten. 

8. Substances added.—Alum, of course, is the chief substance; there has 
been much difference of opinion as to its effecta. It has been asserted to 
produce dyspepsia ; to lessen the nutritive value of bread by rendering the 
phosphoric acid insoluble, and to be also a falsification, inasmuch as it permits 
an inferior flour to be sold for a good one. The last allegation is no doubt 
correct ; the second probably so, as there is little doubt of the formation, and 
none of the insolubility, of phosphate of alumina. The first point is more 
doubtful, though several physicians of great authority (Carpenter, Dundas 
Thomson, Gibbon, Normandy) have considered its action very deleterious, and 
that it causes dyspepsia and constipation. Percira considered that whatever 
may have been the effect in the case of healthy persons, sick persons did really 





* Archives Gen. de Méd., 1848, p. 244, 
+ Sanderson’s Report in Syd. Soc. Year-Book for 1862, p. 462. 
t Journal of the'Society of Arts, April 1866, 4 
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suffer in that way. A question like this is obviously difficult of that strict 
proof we now demand in medicine, and personally I have been able to come 
to no conclusion. Seeing, indeed, that the usual effect of bad flour is 
flatulence and diarrhea, if constipation were decidedly produced by bread, it 
would be more likely to proceed from alum than from any other ingredient 
of the bread. Looking again to the fact that sometimes bread has contained 
large quantities of alum,—sometimes as much as 40 grains in a 4-Ib loaf, and 
probably more,—we get an amount in an ordinary meal which (if the 
aluminium phosphate is an astringent) might very well cause constipation. 
Looking, then, to the positive evidence, and the reasonableness of that 
evidence, it seems to me extremely likely that strongly alumed bread does 
produce the injurious effects ascribed to it. 

The addition of alum is forbidden by law. 

Sulphuric acid is said to be added* before grinding instead of alum ; it has 
the same power of preventing decay. 

As already stated, lime water may be used, and with advantage. 

Sulphate of Copper.—The amount used is so small that it seldom produces 
any symptoms; still it is possible that some anomalous cases of stomach 
irritation might be owing to this, 

Lead,—Dr Alford,+ medical officer for Taunton, reports a case of poisoning 
from lead getting into flour. Six or seven families, including 15 to 20 
persons, suffered, some very severely. The water was analysed but no lead 
found, and then it was noted that the persons attacked all got their flour from 
the same mill. On making inquiries it was found that the millstones used 
had (from the nature of the stone) large spaces in them, which had been filled 
up with lead! It was mentioned at the meeting of the sanitary authority, 
by one of the members, that lead was not usually employed in that way, that 
what was generally used was red-leud and borax, or alum and borax, both 
highly objectionable. If such be the case this is another possible source of 
alum, which ought to be recollected. 

The Lolium temulentum gives rise to narcotic symptoms (see ante). 

Flour from other Grains,—It is not known whether the addition of 
potatoes, rice, barley, peas, &c., in any way injures health, except as it may 
affect nutrition or digestion. Occasionally, in times of famine, other sub- 
stances are mixed—chestnuts, acorns, &c. In 1835, during famine, fatal 
dysentery appeared in Kénigsberg, owing to the people mixing their flour 
with the pollen of the male catkin of the hazel bush. In India the use of a 
vetch, Lathyrus sativus (kessaree-dholl), with barley or wheat, gives rise to a 
apecial paralysis of the legs, when it exceeds one-twelfth part of the flour 
(Irvine in “ Indian Annals”); the L. cicera has the same effect.t During 
the siege of Paris, straw, to the oxtent of one-eighth, was introduced into the 
bread : this had a very irritating effect. 


SECTION IIL 
BARLEY. 


As an article of diet barley has the same advantages and disadvantages as 
wheat. It is said to be rather laxative (Pereira), and I have myself noticed 


* Dr Angus Smith, Annual Report of the Manchester and Salford Sanitary Association for 
1863. emt of Sub Committee. 


- of Record,May 25th, 1877. 
t Dr Irvine has lately C Indian Annals,” Jan. 1868) again described the artes fle roduced. 
by the kassaree-dholl or Lathyras., as first syhaptoms are gastro-in eee and the 


paraplegia follows on this. 
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that either from this cause, or from the imperfect separation of the sharp 
husks, barley bread is particularly unsuited for dysenteric cases. It contains 
rather more protein bodies than wheat, and these consist of gluten-casein, 
gluten-fibrin, mucedin, and albumen.* It is certainly very nutritious, and 
the Greeks trained their athletes on it. Its richness in phosphoric acid and 
iron render it particularly adapted for this. 

Choice of Burley.—(Scotch or pot barley, viz., the grain without the husks.) 
For the barley grains the same points are to be attended to as in wheat. 

For the pearl barley (which is merely the grain rounded off), the best tests 
are the physical characters, colour, freedom from dust, grit, and insects, and 
the test of cooking. 

The patent prepared or powdered barlcy should be examined with the 
microscope ; any kind of cheaper grain may be mixed with it. (See figures 
of barley and other grains.) 

Diseases arising from Altered Quality.—These are the same as those of 
wheat—viz., indigestion, flatulence, and diarrhoea. I am not aware that thero 


i anything peculiar in the action of diseased barley as distinguished from 
wheat. 


SECTION IV. 
OATS, 


Oats have been considered even more nutritious than wheat or barley, and, 
certainly, not only is the amount of nitrogenous substance great, but the pro- 
portion of fat is large. Unfortunately, the nitrogenous substance has no 
adhesive property, and bread cannot be made ; the amount of indigestible 
cellulose is large. But, on the other hand, gatmeal has the great advantage of 
being very readily cooked, much more so than wheat or barley. The late 
researches of Kreusler (Ritthausen, op. cit, p. 125) show that the nitrogenous 
substances of oats contain gliadin, and especially gluten-casein. This last sub- 
stance is that called “ avenin ” by Norton and Johnstone ; it approaches very 
closely to the legumin of peas and beans, and is so called by Kitthausen. In 
nutritive properties it causes oatmeal to stand nearer to the Leguminoss than 
the cereals do. It contains double as much sulphur as the legumin of peas. 

For this reason, and because it contains much nutriment in small bulk, 
because it can be eaten for long periods with relish, and keeps unchanged for 
a long time, it would seem to be an excellent food for suldiers during war—an 
opinion which does not lose in force, when we remember that it formed the 
staple food of one of the most martial races on record, the Scotch Highlanders, 
whom Jackson considered also one of the most enduring. Formerly, when oats 
were badly cleaned, intestinal concretions of the husk and hairs were common 
among those who lived on oatmeal, but these arenow uncommon. It has been 
thought to be “ heating ” when taken continually, but this is probably a pre- 
judice. The supporting qualities of oatmeal used as a drink, made into a thin 
gruel, are testified to in hard work by the chief and divisional engincers of 
the Great Western Railway.t 

Adulteratione.—Barley-meal and the husks of barley, of wheat, and of oat 
itself, are added very frequently. A single look through the microscope 
detects the round and smooth barley starch ; the envelopes are recognised 
with very little more trouble. Rice and maize are also sometimes used. 





* Ritthausen, op. cit. p. 108. ae 
+ On the feene of a cpirit ration during the Ashantee Campaign of 1874, Appendix ii., by 
E. A. Parkes, M.D., F.R.S., &c., 1874. 
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The drawings already given will also enable these substances to be detected. 
Hassall found about half the samples of oatmeal adulterated. 

Choice of Oatmeal.—There should be a good proportion of envelope, but 
no branny character, which usually arises from barley husks ; the starch 
should not be discoloured. A microscopic examination should always be 
made, both for adulterations and Acari. 


SECTION V. 
MAIZE AND RYE, 


Both these grains are very nutritious ; maize contains a large quantity of 
yellowish fat (6 to 7 per cent.) The gluten cannot be washed out as in wheat, 
though this was stated by Gorham, who found a special substance which he 
termed “ Zein.” This is called “ maize-fibrin ” by Ritthausen. It requires 
very careful cooking, as otherwise much passes out undigested. My friend, 
Dr Johnston, has communicated to me the particulars of an outbreak 
of diarrhoea in a military prison clearly due to badly cooked maize. It should 
be soaked in water, but not too long (two to four hours), and then thoroughly 
boiled for several hours (four to six) at a rather low heat. Maize cakes are 
both palatable and nutritious. 

Rye makes a very acid dark bread, which causes diarrhoea in those unaccus- 
tomed to it ; custom, however, soon remedies this, and, as far as nutritive 
value goes, it appears equal to wheat. It contains less vegetable fibrine, and 
more casein and albumen, and a peculiar odorous substance. 


Diseases connected with Maize and Rye. 


It is presumed that alterations in the flour will produce the same diseases 
as in the analogous case of wheat. Ergotism is, however, more common in rye 
than any other grain. The Pellagra of Lombardy has been ascribed to a 
fungus (Verdcrame, or Verdet) forming in the maize. Many volumes, with 
different statements, have been written on this point, and it is still doubtful 
whether or not the Verdct has this effect. The evidence is not sufficient, but, 
on the whole, seems to me most in favour of the view which connects Pellagra 
with diseased maize. 


SECTION VL 
RICE. 


The whole grain (paddy) deprived of the husk is sold as rice. There are 
many varieties, of different colours (white, red, brown?) and composition. 
The amount of nitrogenous matter varies greatly, from 3 to 7°5 per cent. of 
the moist grain. As an article of diet, it has the advantage of an extremely 
digestible starch-grain, and, like the other Cerealia, there is a great admixture 
of substances ; it is, however, poorer in nitrogenous substances than wheat, 
and is much poorer in fat. Consequently, among rice-feeding nations, 
leguminous seeds are taken to supply the first, and animal or vegetable fats to 
remedy the latter defect. Rice is also poor in salts. 

Cooking of Rice.—It should properly be steamed, not boiled, and the 
steaming should be thoroughly done, else the starch-grains are not swollen 
and digestible. If boiled, it should be for a long time at a low temperature ; 
the rice (or conjee) water contains some albuminous matter, and the grain 
loses in nutritive power. 

Choice of Rice.—The grains should be clean, without grit; the individual 

$ 
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grains without spots or evidence of insects. The size varies much, according 
to the kind ; the large kinds usually command the highest market price.* 


Comparison of the foregoing Grains—Order of Richness. 





pacbashavicg Fat, Starch, &c, Salts. 
Wheat, Maize. Rice. Barley. 
Barley. Oats. Maize. Oats. 
Rye. Barley. Wheat. Wheat. 
Oats. Rye. Rye. Rye. 
Maize. Wheat. Oats. Maize. 
Rice, Rice. Barley. Rice. 





SECTION VII. 
MILLET, RAGGY, BUCKWHEAT, GRAM. 


Various other grains belonging to the Cerealia, or to other natural orders, 
but having similar properties, are used as food in different countries. Of 
these, the above named are chiefly those the medical. officer may have tv 
report on. 

' Millet is used largely in Africa (west coast) and Algeria, in Italy, Spain, 
Portugal, some parts of India, China, &e. 


English Names, Botanica] Names. Indian Names. 
Sawee Chennawaree 
Common millet, Panicum miliaceum, (Hindustani). 
Varagoo (Tamul). 
: ie Dhurra (Arabic). 
Small millet, ee | cae (Tamul), 
vurgare, Joar or Jowree (Hind. ). 
Spiked millet, Penicillaria spicata, \ ea a (Te nia : 
Golden-coloured millet, Sorghum saccharatum, 
Italian millet, Setaria Italica, , Tomay (Teo a), nd) 
German millet, Setaria Germanica, 
Raggee or Raggy (Hind., 
Flaine carceal Canarese, and Tamu)). 
si 4, Murha and Maud inthe 
N. Prov. of Hindustan. 


The table sufficiently expresses the composition of most of these.t 
In 100 parts of Meal (freed from Bran). 


Penictllarta spicata; 
a kind of Miller| Sorghum vulgare, 











Panicum mitiac DI f th 
: (Commen, Millet). maha ance Arata. Toni ee 
of Bajra. Jowaree of India, 
Water,. ©. . . 12:22 11°8 11°95 
Nitrogenous substances, : 9°27 10°18 8°64 
extrin, ‘ ‘ ; ‘ 9°13 ‘ie 8°82 
Sugr,. . . . . 1°80 Aas 1°46 
Fa, . . . 1 7°43 4°62 39 : 
; , . wit 
Starch, . 1. . 59°04 71°75 70°28 4 hao 
Silica, . . . . -« 0-11 ss 





* The larger grains—especially the American kinds—have often much Jess flavour than the 
smaller and less attractive Indian kinds. . 
The native names of the Indian grains and pulses used, especially in Southern India, are 
* 
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The ash is about 3 per cent. in Panicum, 2°6 in Penicillaria, and 1‘7 in 
Sorghum. When freed from silica, which is present in large amount, the ash 
contains 20 per cent. of potash, 24 of magnesia, a little soda, no lime, and 
about 50 per cent. of phosphoric acid. 

The other millets ((Setaria germanica and Panicum sanguinale) are very 
similar in constitution. 

Millet bread is very good, and some was issued to the troops in the last 
China Expedition. This should always be done in a millet country, if wheat 
or barley cannot be got. In Northern China millet is almost exclusively 
used. 

Raggy or Ragee, Murha and Maud of the upper provinces (Hleusine 
corocana), a millet, is largely used in Southern India (Mysore), and in some 
parts of Northern Hindustan, and is considered even more nutritive than 
wheat.* It is very indestructible, and can be preserved for many years (even 
sixty) in dry grain pits. 

Buckwheat t and Gram are not so likely to be used. The former is poor in 
nitrogenous substances and fat, but makes a fair tasting bread. 

Gram bread or cakes have been occasionally used in India for Europeans, 
and this use might be extended ; the cakes are palatable, and extremely 
nutritious, as may be seen by the tables (see note, page 253). 


SECTION VIIL 
LEGUMINOS At 


The Leguminose, in respect of dietetic properties, are broadly distinguished 


sae EEEEEIEEbenEnEnerettintneemnenenen naghanmenammcerumamm aera otal ae 


given very fully in a paper by Mr Elliot (Edinburgh Philosophical Journal, July 1862); and 
also in Mr Cornish’s excellent paper (Madras Medical Journal, February 1864). 
* For the Indian grains and pulses, Dr Forbes Watson’s admirable paper can be consulted, 
ulso the papers by Mr Elliot and Dr Cornish already referred to. 
+ Polygonum Fagopyrum, or Fagopyrum esculentum (Buckwheat), used in some parts of 
Russia, Germany, and France. 
In 100 parts. 


Water, ; : ; 12:754 | Sugar, . é ‘ : 0°914 
Nitrogenous substances, 2°645 | Fat, . é ’ ‘ 0-943 
Dextrin, : P : 2°850 Starch, ; ; . 78°894 
The ash is about 1°09 per cent., and contains chiefly potash, magnesia, and phosphoric acid. 
Other species of buckwheat are 7’. tataricwn and P. emarginatun. 
+ Composition of Dried Grain :— 


et rt ttt rp eth et Se Se A A A PA TER 











Pisum satioum— | Phaseolus vulgaris | Victa Faba—Com- 
Peas, —Kidney Bean, | mon or Broad Bean, 





ce ere RRND | chet: CATES eat TTI Ronee: | SPSS 


Water, Dent Pe aon esas 14°5 16 12°8 
min, albumen, an uten- : . 

ike substances, . = ; ane sale SL 
Cellulose, : : . ; 49 4°4 5, 
Starch and Dextrin and Sugar, . 52°6 49°9 52°6 
Fat, F 4 ; : : 2 2 16 
Chlorophyl), . . .  . 1'2 ese iss 
Salts, . ; ; : . 2°4 2°4 2°5 
Potash, . . es "86 ‘98 "62 

: a ee ; "16 "24 "834 

Lime, . . . |. . ‘1 23 ‘15 
Magnesia, ; : ; : 18 "18 "2 
Irom, . . . «=. 028 001 08 
Phosphoric acid, . z : 85 "64 9 
Sulphuric acid, : ‘ : 077 07 -°08 
Chloride of potassium, . : 067 Se “es 
Chloride of sodium, . ‘ ; "044 aus 


Chlorine, . ‘ ; : : oes "025 ‘06 
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from other vegetables by their very large amount of nitrogenous substance, 
called legumin or vegetable casein; there are in addition, a little albumen and 
other protein bodies, The advantages of peas and beans as articles of dict 
are the great amount of this substance, and the existence of much sulphur and 
phosphorus in combination with the legumin; in salts also they are a tittle 
richer than the Cerealia, especially in potash and lime, but are rather poorer 
in phosphoric acid and magnesia; 1 ib of peas contains about 168 grains of 
salts. The disadvantage of peas and beans are a certain amount of indigesti- 
bility ; about 6°5 per cent. of the ingested pea passes out unchanged, and 
starch-cells, giving a blue reaction with iodine, are found in the fwces ; much 
flatus is also produced by the sulphuretted hydrogen formed from the legumin. 
Still, they are a most valuable article of food, and always ought to be used 
when much exercise is taken, as they are an excellent addition to meat and 
Cerealia. Both men and beasts can be nourished on them alone for some 
time. Added to rice, they form the staple food of large populations in India.* 
Mr Coruish mentions that, in the Sepoy corps, the men are much subject to 
diarrhcea from the too great use of the “dholl” (Cajanus indicus). 

Choice of Pea.—By keeping, peas lose their colour, become very pale and 
much shrivelled, and extremely hard. Anything like decomposition, or 
existence of insects, is at once detected. The powder does not keep very 
long ; the whole peas should be split. 

The microscope should be used to detect the Acarus. The characters of 
the Pea and Bean Starch have been already given. 

Cooking of Peas and Beans.—They must be boiled slowly, and for a long 
time, otherwise they are very indigestible. If old, no amount of boiling 
softens them; in fact, the longer they are boiled the harder they become ; 
they should then be soaked in cold water for twenty-four hours, crushed, and 
stewed ; in this way even very old peas may be made digestible and palatable. 
Chalk-water must be avoided in the case of pcas as of other vegetables, as the 
lime-salts form insoluble compounds with the legumin. 

Lathyrus sativus (Kassaree-dholl of India).—Occasionally in Europe, and 
constantly in some parts of India, this vetch has been used when mixed with 
wheat or barley flour for bread. When used in too great quantities, it 
produces (without there being necessarily any alteration of tho grain?) con- 
stipation, colic, and some form of indigestion, and if eaten in large quantity, 
paraplegia. It is also injurious to horses, but less so to oxen. In Bengal, 


Chief Indian Peas and Beans (after Forbes Watson), in 100 parts (without husks) :— 


Pisum Eroum 


sativum— Lens—Len- 
Analysis of| , Canes Soja his- | (Aeon) | tl called | cron arte. 
Indian,Pea, Pea called Phaseolus P tda—(A Wall or Dholl, like 

Bombay | Dholl or | ~Coreed | _ Bean) | | Ghot-walt | C880") Gram or 
and Bengal poor-dhotl| Of India. | Bhoot of | 9. cooites (2a Of Mus-igis dhall, 


Buttamee, India. soor in 
(Buu dus- | 22 India. of India. | pindus- 
tani). tani.t 


TREES, 


Water, . . 11°79 | 10°63 | 12°44 | 10°25 | 12°03 | 11°84 | 11°39 


Nitrogenous sub} g7-9¢ | 2218 | 24-78 | g8-83 | 28-27 | 25-15 | 22°70 
Fot,. . « | 147 | 195f] 1°86 | 10°51 | 2-20 | 1:26 | 8:76 
Starch, . . | 56°36 | 62°18 | 58-76 | 26°65 | 59°38 | 59°85 | 63°18 
Mineral Matters, 2°48 3°11 8°17 4:14 3°19 1:92 |; 2°60 
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+ Not liked by the Hindus, on account of its red blood-like colour. 
+ A little oil is often mixed with Dholl, which increases the fatty matter to 8 or 4 per cent. 


\ 


\ 


s 
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Dr Irving* found in some villages no less than from 10 to 15 per cent. of the 
people paralytic from this cause. 
From its composition, it would not appear to be innutritious. Without 
husks, it is composed of — 
Nitrogenous substances, 27-96 | Ash, : : : 2°48 
Fat, . Oe . 1:47 | Water, . . » 11°72 
Starches, . ; . 56°30 


SECTION IX. 
STARCHESt AND SUGAR, 


Sus-SrcTion I.—ARROWROOTS. 


Maranta Arrowroot (West Indian).—The chief kind is obtained from the 
Maranta arundinacea. The quality of Maranta arrowroot is judged of by 
whiteness; by the grains being aggregated into little lumps, and by the jelly 
being readily made, and being firm, colourless, transparent, and good tasted. 
The jelly remains firm for three or four days without turning thin or sour, 
whereas potato flour jelly in twelve hours becomes thin and acescent. Under 
the microscope the starch-grains are easily identified. They are slightly 
ovoid, like potato starch, but have a mark or line at the larger end (the hilum 
of the potato starch is at the smaller end), the concentric lines are well 
marked. The most common adulterations are sago, tapioca, and potato starch. 
All these starch-grains are readily detected by the microscope, 

Curcuma Arrowroot.—Arrowroot obtained from the Curcuma has the same 
physical characters as Maranta, but under the microscope the starch-grains are 
large and oblong, marked with very distinct concentric lines, which, however, 
are not entire circles, having an indistinct hilum at the smaller end. 

Manihot Arrowroot.—This is obtained from Rio. The starch-grains are 
very marked. (See Plate of Starches.) 

Tacca or Otaheitt Arrowroot.—I have never seen this arrowroot, but 
Hassall gives a figure which shows that the starch-grains resemble those of 
the Manihot. 

Arum Arrowroot.—The Arum or Portland arrowroot has small, angular 
and facetted starch-grains, which cannot be confounded with any of the 
ae They are a little like maize. This is sometimes called Portland 

agro. 

British or Potato Arrowroot.—Under the term “ Farina,” potato starch is 
sold in the market; so white and crackling, and making so good a jelly, that 
it is not always casy to distinguish it from Manihot. The microscope at once 
detects it (see page 232). The pear-shaped grains, marked hilum towards the 
smaller end, and the swelling with weak liquor potass, render a mistake 
impossible. In making the jelly a much larger quantity is required than of 
the Maranta arrowroot. 

Canna or Tous les Mois Arrowroot.—The starch grains are like those of 
the potato, but much larger, and the concentric lines are beautifully marked 
and distinct. (See Plate of Starches.) 


Sus-Srotion I.—Tariooa. 


This is obtained from the finest part of the pith of Jatropha manthot or 
Cassava. 
* Indian Annals, 1857. Ibid., Jan. 1868, p. 89, Dr Irvine notices the resemblance of the 


symptoms to the Barbiers of Bontius. 
+ See table p. 255; and plate of drawings by Dr. Maddox farther on. 
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Under the microscope the starch-grains are small, with a central hilum; 
and. sometimes three or four adhere together and form compound grains. 

It is adulterated with sago and potato starch, both of which are easily 
detected by the microscope. (See Plate of Starches.) 


Sus-Sszorion [I.—Saco. . 


The best kinds are derived from the sago palm (Sague farinifera), but the 
sago of the Cycas circinalis is also sold; it is, however, inferior. 
_ Granulated sago is either “common” or “ pearl ;” the latter is chiefly used 
in hospitals, The starch is soluble in cold as well as in hot water. The 
starch-grains are elongated, rounded at the larger end, and compressed at the 
other; and hence their shape is quite different from the potato starch. The 
hilum is a point, or more often a cross, slit, or star, and is seated at the 


emaller end ; whereas, as in the Morante arrowroot, the hilum is at the larger 
end. Rings are more or less clearly seen. 

In the market is a factitious sago made of potato flour. This is sometimes 
coloured red or brownish, either from cochineal or sugar. In thirty specimens 
Hassall found five to be fictitious. The microscope easily detects potato 
starch. 

It is sometimes difficult to remember the characters of the different forms 
of starch, but it may be to a certain extent facilitated by a tabulated arrange- 
ment. The following table has been compiled by Dr J. D. Macdonald, R.N., 
F.R.S. 


“Microscopical discrimination of the principal Arrowroots and Starches. 


I. Starches with isolated smooth or unfacetted grains, being originally free 
in the cell cavity. 


General] Characters. Particular Characters. Name, 
ET OT ty > emenenmmemmnentl z 
Form. Hilum. Form. Hilum. 
— even. Con- Hilum distinct. Potato; British 
tinuous rings, in- arrowroot. 
Hilum at cluding more than 
the small half the grain. ; 
end, grains | Outlineeven. Con- ( Hilum distinct. Tous - les - mois 
large. tinuous rings, in- (Canna) arrow- 
cluding less than root. 
A.—Contour half the grain. Hilum indistinct. oe arrow- 
i root. 
coed Outline uneven, Hilum slit-like, tri- Bermuda (Maran- 
eccentric. often with beak- radial or crucial. ta) arrowroot. 
Hilum at like projections. 
the larger ; ; 
end, grains | Outline more even, Hilum similar, but St Vincent arrow- 
medium beak lessfrequent- = less apparent. root. 
sized, ly seen. 
Whole grain still Hilum similar, but Natal arrowroot. 
smoother and _ still less marked. 
more regular. 
Hilum ier often broad sn hg ont Bean starch. 
B.—Contour longitudinal, ea rn ee 
oval, near Grains narrower and Hilum less puckered Pea starch. 
lateral. more uniform. and more regular. 


ena convex at Wheat starch. 
: e hilum. 
Form lenticular. Surface depressed at Barley starch, 
Hilum often d ly Rye starch, 
‘ um often deeply Ryes 
Form spherical. { fissured, star-like. 


C.—Contour Hilum 
round. cen 
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II. Starches with the grains facetted by original juxtaposition in the cell 
savity. Hilum central. 


Grains very large. Sago. 
(Hilum often ( (Rings sinuous, irregular.) 
.—Often presenting the Cavernous. | small. Tapioca, 
rounded free surface of (Sago in miniature.) 
grains originally superficial . 
in the cluster. Hilum _ stel- Small. Rio arrowroot, 
late (Like Tapioca without 
ae preparation. ) 
‘ Small. Maize, 
Hilum  stel- ’'"""(Discoidal with facetted 
: margin. ) 
3.— Altogether facetted. In rounded glo- Oats. 
meruli or com- 
Hilum incon- und grains, 


| Very small. tal fee 
Closely packed Rice, 
in the cells, 
\ and fixed. 


\ spicuous. 


Supg-Ssection I[V.—Svuaar. 


Choice and Examination.—-The sugar should be more or less white, crys- 
tallino, not evidently moist to the touch, and should dissolve entirely in water, 
or leave merely small fragments, which on examination with the microscope 
will be found to be bits of cane. The whiter the quality the less is the per- 
centage of water, which varies in different kinds of sugar, from about -25 per 
cent. ‘a the finest sugars) to 9 or even 10 per cent. (in the coarse brown 
sugars). 

The unpurified sugars contain albuminous matters which decompose, and 
a sort of fermentation occurs. The Acarus, or sugar-mite, is usually found 
in such sugar, which is not known to be hurtful. Fungi also are very fre- 
quently present. 


Method of Examination. 


1. Determine physical characters of colour, amount of crystallisation, &c. 

2. Dissolve in cold water ; fragments of cane, starch, sand, gypsum, phos- 
phate of lime are left behind ; test with iodine for starch. The best way is to 
dissolve under the microscope, as all adulterations are then at once detected. 

3. Determine percentage of water by drying thoroughly 10 grammes, and 
again weighing. 

4, Excess of glucose (a little is always present) is detected by the large 
immediate action on the copper solution. 


SECTION X. 
SUCCULENT VEGETABLES, 


Almost all other vegetables are used, not so much on account of nutritive 
qualities, as for the supply of salts ; some of them, however, contain very 
digestible starch and sugar, or other substances, such as pectin or asparagin, 
or peculiar oils which act as condiments, as in onions. 


Sup-Srcrion 1.—Porarozs (SoLanum Tupgrosum). 
The composition has been already given (p. 195). The salts are noted 
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below.* It will be observed from these, and from the tables already given, 
that the amount of potash and phosphoric acid is not so great as in some other 
substances ; the true use of the potato is probably to be found in the large 
amount of salts (malates ? tartrates ? citrates) which form carbonates on 
incineration, The juice of the potato is acid. There is no better antiscor- 
butic than the potato, and its starch its very digestible. The citric acid is com- 
bined with potash, soda, and lime. 

As the amount of salts is small, and that of water large, at least 8 to 12 
ounces of potatoes should be taken daily if no other vegetables are caten 
(= 8 ounces at 1 per cent. of salts contain 35 grains ; at 1°5 per cent, =52'5 
grains). 

Choice.—Potatoes should be of good size, firm, cut with some resistance, 
and present no evidence of disease or fungi. 

A still better judgment may be formed by taking the specific gravity, and 
using the following tables :-— 

Potutoes.—The solids can be determined by taking the specific gravity, and 
multiplying it by a factor taken from the tablo below, and dividing by 1000; 
the result is the percentage of solids :— 


Specific gravity, 


Fobacen Factor, epee He erevity Factor. 
1061—-1068 16 1105—1109 24 
1069—1074 18 1110—1114 26 
1075—1082 20 1115—1119 27 
1083—1104 22 1120—1129 28 


Tf the starch alone is to be determined, deduct 7 from the factor, and 
proceed. as above, the result is the percentage of starch. 
If the specific gravity of the potato is— 


Below 1068 The quality is very bad. 
Between 1068—1082 5 inferior. ; 
Between 1082—1105 ‘5 rather poor, 
5 se ood. 
is est. 








As, however, the medical officer will seldom have an hydrometert which 
will give so high a specific gravity, and must work, therefore, with a common 
urinometer, the following plan must be adopted :—Take a sufficient quantity 
of water, and dissolve in it 4 an ounce or an ounce of salt, and take the 
specific gravity ; then add another 4 ounce or ounce, and take again the 
specific gravity ; do this two or three times, so as to get the increase of specific 
gravity for each addition of a known quantity of salt ; then add salt enough 
to bring up the specific gravity to the desired amount. This is, of course, not 








* Potato.—Percentage amount of ash 1° to 1°56, Mineral constituents in 100 of ash. 


(Way.) (Fromberg.) (Way.) (Fromberg.) 
Potash, . . . 46°60 50°23 Chloride of sodium, 3°43 ove 


Soda, ° e. subs 3°7 Carbonic acid (from 

Magnesia, . « 870 4°4 the incineration of $13°30 ns 
ime, ‘ . . 4°54 0°83 organic acids), 

Phosphoric acid, - 18°30 10°10 Oxide of iron, . 

Sulphuric __,, - 466 14°67 Silicate of alumina, 1°95 

Chloride of potassium, ... 11:76 


The carbonate of potassium is produced in the incineration from the vegetable salts (citrate, 
malate, tartrate of potassium). Aun analysis of Vogel’s gives no less than 21 per cent. of carbonute 
of potassium and 34 per cent. of carbonate of sodium in 100 of ash. 

Baumé's or Twaddell’s hydrometers are the best for the purpose. 
FP 
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quite accurate, but in the absence of proper instruments it is the only plan I 
can devise. 

Cooking of Potatoes.—The skins should not be taken off, or a large amount 
of salts passes into the water ; using salt water is a good plan, as fewer of the 
salts then pass out. The boiling must be complete, as the starch-grains are 
otherwise undigested, and it must be slow, else the cellulose and albuminatec 
are hard. Steaming potatoes is by far the best plan ; the heat must be 
moderate ; the steam penetrates everywhere, and there is no loss of salts. 

Preservation of Potatoes.—Sugar, in the form of molasses, is the best plar 
on a large scale ; a cask is filled with alternate strata of molasses and peelec 
and sliced potatoes. On a small scale, boiling the potatoes for a few minutes 
will keep them for some time. Free exposure to air, turning the potatoes over 
and at once removing those that are bad, are useful plans.* 

The preserved potatoes are sliced, dried, and granulated, and when ‘wel: 
prepared, are extremely useful. 

The Sweet Potato and the Yam are somewhat similar to the ordinary 
potato ; see below in foot-note.t 


Scs-Szotion I].—Oruer VEGETABLES. 


The composition of Carrots and of Cabbage has been already given (p. 195). 
Two or three of the common kinds of vegetables may be added— 














Albumen Starch 
: Wood Mineral 
Water, | (and | Sagerand | Fat / Yibre, | Substances. 
Turnip (Brassica | 99.69 | 4-100 4-000 1 a-400 | 0-500 


Parenti (isinaéa 
arsnip (Pastinaca : ; ; : ; ‘ 
sativa), . : 82°04 1°215 6°389 0°546 | 8022 1°041 
Jerusalem artichoke 
(Helianthus tube- 76°35 0°900 19°000 0°900 | 1°220 1°610 
708Us), P 
Other vegetables contain special ingredients, such as asparagin in asparagus 
(a small amount is also contained in potatoes), wax, pectin, which is a little 
more oxidised than starch or sugar ; or peculiar oils and savoury or odoriferous 
matters. 
On account of its volatile oils, the onion tribe is largely used, and is ¢ 
capital condiment, and has an effect as an anti-scorbutic. 


* In the Crimean war there was a considerable loss of potatoes sent up to Balaklava, and at 
a time when the men were most in need of them. The addition of sugar to the raw potatoe: 
might have been made. 


+ Sweet Potato (ConVOLVULUS Batata), 
Composition per cent,— 


ater, »  « 676 to 73 Albumen, 4 ‘ » 15 
Starch, - » 2 tolé Fat, ‘ .. 6 oe 3 
Sugar, , - 6 told Salts, : ; ‘ ‘ 2:9 


_ Pecticncid, . 1-2 Cellulose, ee 
This vegetable is very rich in sugar and in salts. It may be usefully ‘employed for soldiers. 
‘wherever It can be procured, in lieu of potatoes, for some time, 


a Yam (Diosconka Sarrva). 
Composition— .- 


ater, . . . . 44 Pectin, . 2. . © 28 
Albuminates, . .. 2 ‘Cellulose, ; — 2 22 
Starch, . : : . 46 Fat, S| a : : "6 
Sugar, .. é e. -aie 2 Sslis, . ‘ F - 18 

This also is a useful vegetable, though inferior to the potato and batata. It is largely usec 


for soldiers in the West and East Indies, 
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Onion contains some citrate of lime. 

There are many vegetables which can be employed as anti-scorbutics besides 
potatoes, onions, and green vegetables. The wild artichoke and the Agave 
americana (cactus) are both excellent anti-scorbutics, and the latter is said to 
be better than lime juice. Sorrel, and in a less degree scurvy-grass and 
mustard and cress, are useful. In New Mexico a salad made of the “ lamb’s 
quarter” (Chenopodium album) has been found very useful.* 

In war almost any kind of vegetables may be used rather than that the 
troops should be left without such food. In one of the Catire wars, an 
African corps kept free from scurvy by using a sort of grass (1) in their 
soup. 

The dried vegetables, and especially the dried potato, have considerable 
anti-scorbutic powers (Armstrong).t The dandelion was largely used in the 
French army in the Crimean war. The American Indians put up for winter 
quantities of dried plums, buffalo berries, and choke berries, and thus escape 
scurvy (“‘ Hamilton’s Mil. Surg.” p. 212). 

If vegetables cannot be procured, citrate, tartrate, and lactate of potassium 
should be given. 


SECTION XL 
COW’S MILK. 


A cow gives very variable quantities of milk, according to food and race, 
and age of the calf ; perhaps 20 to 25 pints in twenty-four hours is the average 
for the year, but with poor feeding it will fall much below this; occasionally 
a cow, soon after calving, will give 50 pints, but this is not common. A goat 
will give 6 to 8 pints. 


Sus-Seorion IL.—Mu_LK as AN ARTIOLE OF D ret. 


Milk contains all the four classes of aliment essential to health. Being 
intended especially for feeding during growth, the proportions of nitrogenous 
substances and fat, as compared to sugar, are large. 

Average composition of Unskimmed Milk.—A certain proportion between 
the casein, fat, and sugar must exist. 


Per cent. . Per cent. © 
Specific gravity, Specific gravity, 

10380. 1026. 1030. 1026, 

Casein,. . . 4 3 Salts,. . . 6 "5 
Fat,. . . . 37 3°9 Total solids, 13:3 9°9 
Lactin,. . . 9 3°9 Water, . . 867 90:1 


The casein is by some supposed to be a combination of albumen with 
potash (Hoppe-Seyler). 








* Mil, Med. and Surg. Essays prepared for the U.S. Sanitary Com. 1864, p. 202. 

+ Naval Hygiene p. 112, Inthe American war, however, the anti-scorbutic effects of the 
dried vegetables were not found to be very great. I found that, in a sound raw potato, the amount 
of free and combined acid (reckoned as citric) was 0°4503 per cent. ; and that in the preserved 
potato used in the Arctic Expedition (1875-6) it was 1-085; or in the ratio of 1 to 2°4, From this 
we find that 7 ounces of the preserved potato contained the a bare of 313 grains of citric acid, 
or one ounce of navy lime juice. The ration usually issued (2 to 4 ounces) is, therefore, too 
small, cule ye eae be given. (See report of Committee on Scurvy, Appendix, 
xiii. $65.) (F. de C. : ; 

+ Wanklyn considers cbr country milk to contain 12°5 per cent. of solids, of which 3°2 
gparts are fat, and 9°83 are solids not fat. The Society of Public Analysis proposed, as a mini- 
mum for new milk, 9° per cent of solids not fat, and 2°5 of fut; for skim milk, 9-0 solids not fat; 
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In addition to casein, a small quantity of true albumen remains in solution 
after the casein has been thrown down, and there is also, according to Millon,* 
another albuminoid substance, which he calls lactoprotein. In cow's milk 
the amount of albumen is said to be 5°25 grammes per litre; the amount of 
lactoprotein is much smaller, but has not been very precisely determined. t+ 

The amount of salts varies from ‘5 to ‘8 per cent., but seldom, if ever, 
excecds 1 per cent. This is of importance in the detection of adulteration by 
salts. In poor milk the salts may be as low as ‘3 per cent. 

Milk is very largely used in some countries, especially in India and Tartary, 
where the use of the koumiss, prepared from mare’s milk, has been supposed 
to prevent phthisis. 

Milk varies in quantity and composition according to—1st, the age of cow ; 
27, the number of pregnancies, less milk being given with the first calf 
(Hassall) ; 3d, to the age of the calf, being at first largely mixed with 
colostrum ; 4th, to the kind of feeding, beet and carrot augmenting the sugar -{ 
5th, and remarkably, according to the race, some cows giving more fat (as 
Alderncys), others more casein (as the long-horns). The last portion of the 
milk given in milking is richest in cream (Hassall). 

Wanklyn states that the proportion of solids is more stable, and never falla 
below 11°5 per cent. In Sweden, the milk of a herd of cows being analysed 
daily for a year, the solids never fell to 11-5, and only 4 times to 12 per cent. 
(Wanklyn). 

The goat’s milk is rather richer in solids (14:4 per cent.—Dayen), and con- 
tains also a peculiar smelling acid (hircine or hircic acid). Specific gravity, 
1032-1036. 

Ass’s milk is rather poorer in solids (9°5 per cent.—Payen). This is owing 
to a small amount of casein and fat ; it is rich in lactin. The specific gravity 
varies from 1023 to 1035. 

The buffalo milk is richer in all the ingredients. 

Taking the total solids of cow’s milk at only ten per cent. (specific gravity 
1026), one pint (20 ounces) will contain, in round numbers— 


Casein, : : ; ; ; : 262 grains. 
Fat, . : . ; 217, 
Lactin, ,; : ; : i : 341 ,, 
Salts, : , ‘ ; : 42 ,, 


Total, ; : ‘ 862 


or very nearly 2 ounces avoir. of water-free food. 

To give 23 ounces of water-free food (or one day’s allowance for an 
adult), rather more than 11 pints of milk, of specific gravity 1026, are 
necessary. For an adult this would be far too much water, and the fat would 
be in great excess. But for the rapid formation and elimination of the 
young, the water and fat are essential. It isa question whether, in old age, 
large quantities of milk might not be a remedy for failures in tissue formation 
and elimination.§ 





* Comptes Rendus, t, lix. p. 396. 

+ Commaille (Comptes Rendus, Nov. 9, 1868) found creatinine in some putrid milk, derived 
he thinks, from creatin. He admits also, after Lefort, that there isa little urea, He foun 
also some organic acids, the nature of which is doubtful. 

t¢ Some observations of Dr Subbotin (Virchow's Archiv, band xxxvi. p. 561) on the milk of 
bitches, show a marked effect by food ; the fat was much increased by meat; the casein was 
leas affected ; a large quantity of fat greatly lessened the secretion. 

§ ‘his was a point debated by Galen, so old is this suggestion. It is still undecided. Some 
id persons cannot digest milk. 
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‘ Sus-Sgcrion I].—ALrerations oF MILK. 


The cream rises in from four to eight hours; it is hastened by adding 
warm water, but its quantity is not increased (Hassall). 

Milk alters on standing ; it absorbs oxygen, and gives off carbonic acid ; 
placed in contact with a volume of air greater than its own bulk, it absorbs 
all the oxygen in three or four days (Hoppe-Seyler). The carboni¢ acid is 
formed at the expense of the organic matter (probably casein—Hoppe-Seyler), 
and bodies richer in carbon and hydrogen are formed ; fat increases in amount, 
and oxalic acid is said to be formed. 

Subsequently lactic acid is formed in large quantities from the lactin; the 
milk becomes turbid, and finally casein is deposited. The cream which had 
previously risen to the surface disappears. 


Milk given by diseased Cows. 


Milk from diseased animals soon decomposes ; it may contain colostrum, or 
heaps of granules collected in roundish masses, pus cells, or epithelium, and 
occasionally blood. It then soon becomes acid, and the microscope usually 
detects abnormal cell forms, and casts of the lacteal tubes. 

In cattle plague, it is said by Husson that the lactin lessens, while the 
nitrogenous matters are increased, and blood and aggregated granules aro seen 
under the microscope. Jn foot-and-mouth disease the specific gravity rapidly 
falls (from 1030 to 1024), though this is not invariable ; there are granular heaps 
under the microscope, and often blood or pus cells; Mr M‘Bride says pus can 
be found for a month after recovery. Bacteria and small oval and round cells 
are common. Figures of the microscopical appearances are given in some very 
good papers on the subject in the British Medical Journal, Oct. 1869. The 
milk sometimzs coagulates on boiling. 


Sus-Section JIJ.—Examination oF MILK. 


This is intended first to determine the quality. Put some of the milk in 
a long glass, which is graduated to 100 parts; a 100 centimetre or litre 
measure will do, or a glass may be specially prepared by simply marking with 
compasses 100 equal lincs on a piece of paper, and gumming it on the glass. 
Allow it to stand for twenty-four hours in a cupboard secured from currents 
of air. By this means the percentage of cream can be seen, and the presence 
of deposit, if any, observed. There should be no deposit till the milk decom- 
poses ; if there be, it is probably chalk or starch. 

The cream should be from ths to yyoths ; it is generally about ,8,ths ; 
in the milk of Alderney cows it will reach ,4%,ths or +4°%,ths. The time of 
year (as influencing pasture), and the breed, should be considered.* 

While this is going on, determine— 

1. The Physicul Charactere.—Placed in a narrow glass, the milk should be 








* Mr Garside (Pharmaceutical Journal, Jan. 25, 1878) states that more cream is thrown 
up at a low than a high temperature ; at 43° Fahr. there were ,44,ths of cream ; at 55° only 
$4ths in the same milk. I have not found quite the same results, and on repeating the ex. 
nariments, it is clear that great care is necessary. If the temperature of the milk alters (which 
is often the case with laboratory experiments at high temperatures), there are circulatory cur- 
rents in the milk which greatly affect the rising of the cream ; sometimes they hinder, and 
perhaps sometimes accelerate it. But if the milk is shielded from currents of air and from 
radiated heat, the amount of cream between the gr eld i of 45° and 65° is practically the 
same. It is to secure it from currents of air that the graduated lactometer is ordered to be 
put ina cupboard. With regard to time, the cream has usually thoroughly risen in from four 
to six hours. In twenty-four hours it reads about th less than at four hours, probably 


from condensation or aggregation of the fat particles. 
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quite opaque, of full white colour, without deposit, without peculiar smell or 
taste. When boiled it should not change in appearance. 

2. Reaction.—Reaction should be slightly acid or neutral, or very feebly 
alkaline; if strongly alkaline, either the cow is diseased (1) or there is much 
colostrum, or carbonate of soda has been added. 

3. Specific Gruvity.—The specific gravity varies from 1026 to 1035. A 
very large quantity of cream lowers it, and after the cream is removed, the 
specific gravity may rise, under ordinary circumstance, about 2°.* The 
average specific gravity of unskimmed milk may be taken as 1030 at 60° 

‘fabr., and the range is nearly 4° above and below the mean. It varies with 
temperature, so that in the tropics the medical officer will have to allow for 
this difference. The following are the relative degrees of a milk that shows 
1030 at 60° Fahr., and 1031 at 39° Fahr., (maximum density-point of water) :— 


39°F. = 1031 80°F. = 1027°5 
60°F. = 1030 90°F. = 1025°8 
70°F. = 1029 100°F. = 10240 


The addition of water is best detected by the specific gravity. At 60° Fahr. 
there is a loss of 3° for every 10 per cent. of water added. No doubt the 
method is not perfect, but its ease of application strongly recommends it. 


4, Examine chemically for the Amount of the Different Constituents— 


(a) Total solids—Evaporate a known weight to dryness, and weigh. 
Calculate the percentage. The heat must not exceed 240° Fahr. As it is 
difficult to dry it thoroughly, the result is only approximative. Wanklyn 
recommends 5 C.C. to be employed, and the drying carried on in a water- 
bath for 3 hours at 212° Fahr. 

(b) Ash.—Incinerate the dried solids, and weigh. 

(c) Cuscin.—Take a weighed or measured quantity ; add two or three drops 
of acetic acid, and boil. Add a good deal of water; allow to stand for 
twenty-fours hours ; pour off the supernatant fluid ; wash the precipitate well 
with ether at 80°; dry, and weigh. Calculate the percentage. It is difficult 
to entirely free it from fat. Wanklyn recommends the albuminoid ammonia 
process, as in the case of nitrogenous matter in water: 1 part of casein yield- 
ing 0-065 of ammonia. 

(d) Evaporate the ether, and weigh the fat. Wanklyn recommends 
extracting the fat from the total dried solids by means of ether, evaporating, 
and weighing. This requires care, however, and the same result can be given 
by the employment of an instrument called a lactoscope, which measures the 
degree of transparency. The lactoscope of Donné has been lately improved 
by Vogei, and this simple plan can be recommended for ascertaining the 
amount of fat in milk. 

Vogel’s instrument consists of a little cup, formed by two parallel pieces of 
glass, distant 4 a centimetre (=°1968 inches, say ,2,ths of an inch) from each 
other, and closed everywhere except at the top, so as to form a little vessel ; 
a glass graduated to 100 C.C., and a little pipette, which is divided to 4 C.C., 


* Dr Davies records a case where the specific gravity was 1024‘6 ; there was 17 per cent. of 
cream, and the solids were 16°25. A case of this kind cannot mislead if the amount of cream 
ia determined. Davies recommends that the specific gravity of the whey should be taken; he 
says it is very constant between 1026 and 1028. 

n one sample I examined the specific gravity was 1020, and the cream ,,%,, the specific gravity 
of the skimmed milk was 1028-9. Another sample gave: specific gravity 1017-6, cream ,40, : 
specific gravity of skimmed milk, 1032°75. Another sample (which purported to be the same 
ag the last) gave a specific gravity of 1018-84, but the cream was only +4, ; in this case the 
greater part of the cream had been removed, and about 50 per cent. of water added. (F. de C. ) 
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are also required. Water (100 C.C.) is placed in the measure, and 2 or 3 
C.C. of milk (which should be at first agitated, so as to mix any separated. 
cream) are added to it. The parallel glass cup is then filled with this diluted 
milk, and a candle placed about one metre from the eye (= 39°37 inches) is 
looked at in a rather darkened room ; if the flame of the candle is seen, the 
milk is poured back into the large measure; more milk is added to it, and it 
is poured again into the parallel glass, and the light is again looked at; the 
experiment ends when the contour of the light is completely obscured. The 
candle should be a good one, but the difference in the amount of light is not 
material. The percentage amount of fat in the milk is then calculated by the 
following formula (which has been determined by a comparison of the results 
of the instrument, and of chemical analysis): x being the quantity of. fat 
sought, and m the number of C.C. of milk which added to the 100 C.C, of 
water suffice to obscure tho light. 


c= 232 + 0°23. 
m 


If, for example, 3 C.C. of milk, added to the 100 of water, were sufficient 
to obscure the light, the percentage of fat is-— 
C= = + ‘23 = 7°96 per cent, 
From this formula the following table has been calculated, which enables 
us to read off at once the percentage of fat :— 


Per cent. Per cent. 

C.C. a iF C.C, f Fat i 
ae the Mak. | Mili the Milk. 
1 to 100 of water obscures the light = 23°43 | 14 to 100 of water obscures the light = 1°88 
1°5 ‘3 35 16°69 | 15 1°78 
2 ‘ . 11°83 | 16 1°68 
2°5 $s 5 9°51 | 17 1°60 
3 - 9» 7°96 | 18 1°52 
8°5 . 6°86 | 19 1°45 
4 . a 6-08 | 20 1:39 
4°5 ie : 5°88 | 22 1°28 
5 - ‘9 4°87 | 24 1°19 
5°5 a 5 4°45 | 26 1°12 
6 “ 4°09 | 28 1°06 
6°5 a . 3°80 | 30 1:00 
7 % ie 3:54 | 85 0°89 
75 i‘ i: 3°82 | 40 0°81 
8 a ie 3°13 | 465 0°74 
8°5 in . 296 | 50 0°69 
9 . - 2°80 | 55 0°64 
9°5 ;; x 2°67 | 60 0°61 
10 ‘5 - 2°55 | 70 0°56 
11 . is 2:48 | 80 0°52 
12 - — 2°16 | 90 0°49 
13 is 201 | 100 0°46 


If, for example, 1 cubic centimetre of milk to 100 of water obscures the 
light, the percentage of fat is 23-43; if 8 cubic centimetres, added to 100 of 
water, are needed to obscure the light, the percentage is 3°13, &c. ; so that in 
four or five minutes an analysis of the milk is made, as far as the fat is con- 
cerned. 

The advantage of this is obvious, both in detecting the removal of cream, 
and in seeing if milk is rich in butter. Wanklyn states that 0:2 grammes of 
fat equal 1 gramme of cream. 
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(e) Determine the amount of lactin by the saccharometer, or by the copper 
solution.* To do this, take 10 C.C. of milk, add a few drops of acetic acid, 
and warm—this coagulates the casein with the fat ; then make up to 100 C.C. 
with distilled water, filter, and put the filtered whey (which ought to be as 
clear as possible) into a burette. Take 10 C.C. of standard copper solution 
(see below), put it in a porcelain dish, and add 20 or 30 C.C. of distilled 
water; boil; as soon as it is in brisk ebullition drop in the whey from the 
burette ; take care that the liquid is boiling all the time ; continue the process 
until the copper is all reduced to red suboxide and no blue colour remains in 
the supernatant liquid ; but stop before any yellow colour appears. Read off 
the amount of whey used, and divide by 10; the result is the amount of milk 
which exactly decomposes 10 C.C. of the copper solution. The 10 C.C. of 
the copper solution are equal to ‘0667 grammes of lactin. The amount of 
lactin in the 10 C.C. of milk is then known by a simple rule of three; and 
the amount in 100 C.C. of milk is at once obtained by shifting the decimal 
point one figure to the right. 

Example :—15 C.C. of diluted whey were required to reduce the 10 C.C. 
of copper solution ; : = 1:5 the amount of original milk; 0:0667 + 
15 =0°0445 grammes of lactin in 1 C.C. ; therefore 0:0445 x 100 = 4°45 per 
cent. 

Preparation of the Copper Solution.—Take 34°64 grammes of pure sulphate 
of copper, and dissolve in about 200 C.C. of water ; dissolve in another vessel 
173 grammes of tartrate of soda and potash in 480 C.C. of solution of caustic 
soda (or potash, if the caustic soda, as is probable, is not in the surgery); mix 
slowly, and dilute with distilled water to one litre. 

1 C.C. = 0:00500 grammes of glucose. 
1 C.C. = 0:00667 grammes of lactin. 


5. Examine the Milk microscopically.—The only constituents of milk are 
the round oil globules of various sizes in an envelope and a little epithelium. 
The abnormal constituents are epithelium in large amount, pus, conglomerate 
masses, and casts of the lacteal tubules. The added ingredients may be 
starch grains, portions of seeds, and chalk (round and often highly refracting 
bodies, with often a marked double outline, and at once disappearing in acid). 
Colostrum, occurring for three to eight days after the birth of the calf, 1s 
composed of agglomerations of fat vesicles united by a granular matter. 
Infusoria are sometimes found in milk, and fungi (Oidiwm lactis and 
Penicillium) are so almost invariably, if the milk has been kept.t 

If milk is agitated with three or four volumes of carbon bisulphide, and 
then allowed to stand, the sulphide separates highly charged with an aromatic 
matter, which, on spontaneous evaporation, can be obtained as an unctuous 
imponderable residue, which possesses the aroma of the food of the animal 
(Millon). 

Scheme for a Short Examination. 
As a medical officer is constantly called upon to examine milk, and will 





* Wanklyn recommends dissolving out the lactin from the solids (after the fat is removed) by 
means of alcohol, evaporating and weighing; then incinerating ; the difference gives the 
amount of lactin. This seems on the whole a convenient for the medical officer than the 
copper test. Macnamara (Indian Medical Gazette, 1878) uses alcohol for extracting the lactin, 
but determines it My ee test. 

+ Dr Willard of Cornell University notes the experience of Professor Law, who observed a 

eculiar ropy material in milk, and traced it to cows drinking stagnant water containing organ- 
isms similar to those found in the milk ; a drop of this water, put unto good milk, soon devel- 
oped these organisms. The cows were feverish. (Dr John Ogle, Journal of the Agricultural 
Society, Nov. 15..1872; Lancet, Oct. 11, 1873.) 
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seldom have time to go thoroughly into all the points just noted, the follow- 
ing short scheme will be useful :-— 
I. Put some milk into the long graduated glass for deposit, and for deter- 
mining percentage of cream.* 
2. Take physical characters, reaction, and specific gravity. Take spovitic 
gravity of the whey, if there be time to do this. 
3. Determine fat by Vogel’s milk-test.* 
_The comparison of the specific gravity, and the amount of cream which 
rises, or of fat, will be found to give, in conjunction with the physical 
characters, a very good idea of the quality of the milk. 


Sus-Section IV.—PRresERVATION OF MILK. 


1, Boiled, the bottle quite filled, and at once corked up and well sealed, the 
milk lessens in bulk, and a vacuum is formed above. It will keep for some 
time. A little sugar aids the preservation. If the heat is carried in a close 
vessel to 250° Fahr., the milk is preserved for a very long time, even for 
years ; the butter may separate, but this is of no consequence. 

2. Sulphurous acid passed through it, or sulphite of soda added. This may 
be done after boiling. 

3. A little carbonate of soda and sugar added, with or without boiling. 

This will keep for ten days or a fortnight, 

In the market are—milk in tins, preserved in the usual way by exclusion 
of air, concentrated milk mixed with sugar, and desiccated or dried milk. 
This last is milk carefully dried at a low temperature, with a little sugar. 
Dissolved in water, it forms an excellent milk. (See Concentrated Food 
p. 276). 

Taare liquid milk often has the butter separated ; if so, it may be 
spread on bread. It is not easy to remix it with milk, but it is said that the 
separation may be prevented by adding a little yolk of egg. 


Sus-Section V.—ADULTERATIONS. 


1. Water.—This is extremely common, and is, in fact, generally the only 
adulteration ; it is best detected by specific gravity orevaporation, Wanklyn 
suggests the amount of ash as a good test of watering ; the normal ash being, 
according to him, about 0°73 per cent. 

2. Starch, dextrin, or gum, to conccal the thinness, and the bluish colour 
produced by water. Not acommon adulteration. Add iodine at once for 
starch ; boil with a drop of acetic acid, and add iodine for dextrin, or add 
acetate of lead and then ammonia, a white precipitate falls. 

3. Annatto or turmeric is added to give colour, Liquor potasse at once 
detects turmeric. By boiling the milk, the colouring matter remains in the 
serum. 

4, Emulsions of seeds (hemp or almond), added ; this is uncommon. _ Boil. 
The albumen of the seeds coagulates ; the milk will not mix with tea. Hemp 
seed gives an unpleasant odour to the milk (Normandy). 

5. Chalk, to neutralise acid, and to give thickness and colour. Let it stand 
for deposit ; collect and wash deposit, and add acetic acid and water; after 
effervescence filter, and test with oxalate of ammonium. 

6. Carbonate of sodium. Very difficult of detection unless the milk be 





* Macnamara (Indian Medical Gazette ; 1878) finds that the cream is not very useful in India 
as a test, the rapid coagulation of the milk preventing it rising; similarly Vogel's test does not 
yrive satisfactory results. It would, therefore, be necessary to determine the constituents by 
the chemical methods if possible. 
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alkaline, ‘Determine the ash, and see if it effervesces ; if so, either some car- 
bonate has been added, or if the soda have united with lactic acid, this will 
be converted into carbonate, and enough lactic acid to give an effervescing ash 
does not exist in good milk. 

7. Milk is often boiled to preserve it; it may then take up from the vessel 
lead, copper, or zinc, if these metals are used. 

Cream is adulterated or made with carbonate of magnesia, tragacanth, and 
arrowroot, The microscope detects the latter, and particles of carbonate of 
magnesia (round) can also be seen and be found to disappear with a drop of 
acid. It is also said that yolk of egg is added both to cream and milk.* 


Sus-Section VL—Errscts or Bap MILK. 


Professor Mosler} has directed attention to the poisonous effects of “ blue 
milk,”{ that is to say, milk covered with a layer of blue substance, which is 
in fact a fungus, either the O:dium lactis or Penicillium, which seems to have 
the power, in certain conditions, of causing the appearance in the milk of an 
aniline-like substance.§ The existence of this form of fungus was noted by 
Fuchs as long ago as 1861. Milk of this kind gives rise to gastric irritation 
(first noted by Steinhof) ; and, in four cases mentioned by Mosler, it pro- 
duced severe febrile gastritis. 

Milk which is not blue, but which contains large quantities of Oidium, 
appears from Hessling’s observations || to produce many dyspeptic symptoms, 
and even cholera-like attacks, as well as possibly to give rise to some aphthous 
affections of the mouth in children. 

Milk contaminated with pus from an inflammed udder, or an abscess on the 
udder, will give rise to stomatitis in children, and to aphthz on the mucous 
membrane of the lips and gums.{] 

There has been much discussion whether the milk from foot-and-mouth 
disease in cows (Eczema epizootica) can cause affections of the mouth, or give 
rise in human beings to any disease similar to that of cattle. Pigs can 
certainly get the discase from the milk of the cow ; sheep and hares, which 
also have the disease, perhaps got it from the saliva on herbage. In men the 
evidence is discordant, and in a great measure negative,** still there are some 
striking cases, which seem to me sufficient to prove that disease of the mouth 
(aphthous ulceration, general redness, diphtheritic-like coating, swollen tongue) 
and sometimes, though rarely, an affection of the feet may occur.t¢+ Some posi- 
tive evidence has been adduced by Professor M‘Bride{{, Gooding,§§ Hislop, || || 





* Mr Bottle, Pharmaceutical Journal, February 1873. 

+ Virchow’s Archiv, band xliii. p. 161 (1868). 

{ Blue miik is given by feeding cows with some vegetable substances, as Myosotis palustris, 
Polygonum aviculare, and Fagopyrum, Mercurialis perennis, and other plants (Mosler) ; but 
this is different from the blue colour referred to above. 

§ Erdmann (Journal fiir Prakt. Chem., xcix. p. 385, quoted by Mosler) has discovered that 
vibriones have the power of producing aniline-colouring matter from protein substances. 

|| Virchow’s Archiv, band xxxv. p. 561. See also my Report on Hygiene, Army Medical 
Report, vol. vi. p. 385. 

¢ See a good case by Dr Fagan (British Med. Journal, Nov. 18, 1869). 

** See Dr Thorne’s paper in the Report of the Medical Officer to the Privy Council, p. 294, 
and Mr Simon’s remarks on it, p. 62, Also my Report on Hygiene, Army Med. Blue Book 
vol, x. p. 228. Dr Lawson Tait’s negative evidence against it is exceedingly seene (Mettical 
Times and Gazette, October 1869) ; the disease was all round, and the milk was used, yet not a 
a case occurred which could be referred to it. See also Whitmore’s evidence in Marylebone 
(British Medical Journal, Oct. 1869). 
ui, a . the foot being involved is recorded by Mr Amyot (Med. Times and Gazette, 

ov. 4, 2 

tt Brit. Med. Journal, Nov. 18, 1869. An anonymous writer in the same Journal, Sept. 1869, 
adduces also a few doubtful cases (p. 827), though his evidence is otherwise negative. 

8§ Medical Times and Gazette, Jan. 1872, {||| Edin’ Med. Journal, Nov. 1869, 
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Latham,* and Briscoe.t I have also had cases related to me by two medical 
friends, which seemed quite clearly cases of the disease. It is, of course, 
possible that some pus or blood from abscesses on the teat or udder may have 
got into the milk, but it is unlikely that this should have been overlooked. 

A peculiar disease has several times prevailed in the Western States of 
America, which is caused by the unboiled (not by the boiled) milk of cows 
affected with the “ trembles,” which is supposed to be produced by the cows 
feeding on Rhus Toxicodendron. In children who get this milk-sickness,} 
there is extreme weakness, vomiting, fall in bodily temperature, swollen and. 
dry tongue, and constipation. Boiling appears to remove the hurtful qualities 
of the milk.§ 

Milk may also be a means of conveying the poisons of enteric fever and of 
scarlet fever. In the former case, it has probably usually arisen from the 
watering of the milk with foul water containing the agent,|| but it may 
possibly have in some cases arisen from the typhoid effluvia being absorbed 
by the milk, as in the case at Leeds mentioned below. The scarlet fever 
poison has appeared to get into the milk from the cuticle or throat discharges 
of persons affected with scarlet fever, who were employed in the dairy while 
ill or convalescent.{| 


SECTION XIL 
BUTTER. 


As an article of dict, butter supplies to most people the largest amount of 
fat which they take. Many persons take from 1} to 2 oz. daily, if the butter 
used in cooking be included, and the average amount for persons in easy cir- 
cumstances is 1 oz. daily. Butter appears to be easily digested by anost 
persons, except when it is becoming rancid. It then causes dyspepsia and 
diarrhoea, and as a rule it may be said that decomposing fats of all kinds dis- 
agree. 

CoMPOSITION AND EXAMINATION. 


1. The average amount of water varies from 5 to 10 per cent., but may be 
higher, even in genuine butter. Hassall has found as much as 154 per cent. 
in fresh, and 284 per cent. in salt butter; Wanklyn records 23°6 per cent. in 
fresh butter supplied to Paddington workhouse. The retail dealer, by beating 
up the butter in water, endeavours to increase the amuunt. This can be 
detected by evaporation in a water bath; if the quantity of water be very 
large, melting the butter will show a little water below the oil. An unusually 
small amount of water is suspicious (Angell), as suggestive of the presence of 
foreign fat. 
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* British Medical Journal, May 1872. + British Medica] Journal, Oct. 1872. 

t Cases of severe diarrhoea have occurred from the use of milk from goats that bad fed on 
Euphorbium ; this has been observed at Malta. 

§ Boston Med. and Surg. Journal, January 1868, and Transactions of the Kentucky State 
Medicine Society, quoted in Medical Times and Gazette. There have been many instances 
in the last half century, and they have all been collected by Hirsch. 

|| See Ballard’s exbaustive analysis of the Islington epidemic, which was traced decidedly to 
the use of watered milk (Medical Times and Gazette, Nov. 1870, and reprint) ; a somewhat 
similar case is recorded by Dr Taylor of Penrith (British Medical Journal, Dec. 1870). There 
have been four cases lately—one at Moseley, near Birmingham, traced by Dr Ballard; one at 
Leeds, by Dr Robinson (Brit. Med. Journal, Jan. 18, 1878); one at Armley, near Leeds ; 
and one at Parkhead, in Glasgow, recorded by Dr Russell (Med. Times and Gazette, March 16, 
1878). The evidence is very strong in all the cases. 

q A remarkable case is recorded by Professor Bell of St Andrews (Lancet, Oct. 29, 1870), and 
another by Dr Taylor of Penrith (British Medical Journal, Dec.1870). See also Dr Buchanan’s 
Report of the outbreak at South Kensington, apparently traceable to cream. ‘: 
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2. Onsein:-All butter contains some casein, as .some milk is taken up with 
the.creatit, The best butter contains least. The amount can be told roughly 
by melting ina test tube. The casein collecting at the bottom does not 
exceed one-third of the height of the contents of the tube in the best butter, 
or between one-third and one-half in fair butter. In bad butter it may reach 
to more than this. A better plan is dissolving the fat by ether, washing and 
then weighing the remainder; the casein then weighs from 5 to 3 grains in 
every 100 of very good butter. In bad butter it is much more than thie, 

The rancidity of butter is chiefly owing to changes in the fat, produced 
apparently by alterations in the casein, and therefore the greater amount of 
casein the more the chance of rancidity. 

3. Fat.—The fat amounts to from 86 to 92 per cent. of the butter. Butter 
oil consists of volatile fatty acids (butyric, caproic, caprylic, and capric), and 
of non-volatile acids (stearic, palmitic, and oleic), all combined with glycerine. 
In examining it, the butter should be melted in a beaker-glass, placed in 
hot water, and the fat should be poured off the casein, and allowed to cool. 
It then forms a solid and usually yellow mass, with the characteristic smell of 
butter, and should be further examined as follows :-— 

(a) Sinell, taste, and colour of this recongealed fat.—The smell and taste 
are very characteristic, and with a little care the quality of butter, and even 
the presence of some adulterations, such as mutton fat, can be determined. 
The colour is usually yellowish-white ; other fats are white, but annatto may 
be used for colouring them, or true butter may be white, so that the coloration 
is not a safe test. 

()) Hxamine the recongealed fat with the microscope.—Butter shows nothing 
but oil globules; Jard and other fats often, but.not always, contain acicular 
and stellate crystals of margaric (really a mixture of palmitic and oleic) and 
stearic acids as pointed out by Hassall. Starch and other impurities may be 
sometimes seen and are tinged by iodine. The casein left after the fat has 
been poured off should be also examined, and starch, membrane, or other im- 
purities may be seen in it. The polariscope may be used to bring out more 
strongly the stellate stearic acid crystals, if present. Angell and Hehner point 
out that even genuine butter sometimes shows crystals after melting and recon- 
gealing; they therefore think the presence of crystals ground for apprehension 
only, showing no more than that the fat has been melted. 

(c) Determine the melting-point of the fat after separation from the casein.— 
Some of the fat should be put into a wide tube, and placed in an evaporating 
dish with water; a thermometer should be in the water and another in the 
fat. Raise the temperature of the water very gradually ; remove the lamp 
from time to time, so that the temperature of the fat may rise slowly. Note 
the temperature when it begins to melt; when it is completely melted; and 
when (after removal from the warm water) it begins to recongeal, and becomes 
quite solid. The melting-points are, however, not constant, owing to the 
variable amounts of stearin and oleine, and the volatile fatty acids, but still 
they run within tolerably narrow limits. 

The temperature when the fat is completely melted appeared to be the most 
marked point in my experiments. The butter oil is most easily melted, and: 
requires the greatest amount of cooling befdfe recongealing ; usually there is a 
difference, often 12° to 15°, between the points of commencing and completed 
fusion. The determination of the melting-point is, however, certainly more 
useful in proving that the butter has only slight admixture, than in proving 
complete purity ; @.¢., the presence of a small quantity of lard or beef dripping 
would not raise the melting-point sufficiently for detection. In the case of 
beef dripping, also, the melting-point is rather close,to that of butter. 


EXAMINATION OF BUTTER, 964 
 Tomperature* of Melting and Solidifying. 










Fusion. Solidification, 
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Commencing. | Completed. Commencing, Completed. 
Degrees. Degrees. 
65-68 80-90 
76-80 100-115 
68-85 100-120 
86-100 140-160 
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Beef dripping, | 
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Mutton anaplis 
Palm oil,t ‘ 










(d) Angell and Hehner (“‘Butter: its Analysis and Adulterations,” 2d. 
ed. 1877) recommend examining the sinking-point, by means of a little glass 
bulb weighted with mercury to 3:4 grammes; the mean sinking-point of 24 
genuine butters was 35°:5 C. (96° Fahr.), ranging from 34°°3 C. to 36°33 (, 
(93°°7 Fahr. to 97°-3 Fahr.) The butter is melted and poured into a test- 
tube and allowed to cool ; as it cools a slight conical depression appears on tho 
surface ; this must be rendered even by remelting the upper part. If other 
futs are present the depression is much more marked. The tube, with the 
bulb on the top of the fat, is then plunged into a large beaker of water, which 
is gradually heated until the bulb sinks, the temperature of sinking being 
noted by means of a thermometer placed in the water.§ 

(ec) Another method, recommended by the same chemists, consists in deter- 
mining the percentage of fixed fatty acids, which seems to be pretty constant 
in butter fat, forming about 87:3 per cent. of its weight ; 88°5 being adopted 
as a maximum, whereas most other fats give about 95:5 per cent.,—the differ- 
ence in butter being made up by volatile fatty acids. The plan employed is 
to saponify the fat by boiling with caustic potash and water, to decompose 
the soap with hydrochloric acid, filter and wash with boiling water, and then 
weigh the fatty acids remaining undissolved on tha filter. The saponification 
is much facilitated by commencing the process with methylated spirit, 
as suggested by Mr Turner, the public analyst of Portsmouth. 

(f) The-specific gravity of butter-fat has also been suggested by Mr Bell as 
a good means of determining purity. He melts the fat at 100° Fahr, and 
weighs in a specific gravity bottle. He shows that the specific gravity of 
ordinary fats varies between 902°83 and 904:56, whilst that of butter-fat 
rarely falls below 910, generally ranging between 911 and 913. (Pharma- 
ceutical Journal, July 22, 1876.) 

4, Salt is added to all butter. In fresh butter it should not be more than 
‘5 to 2 per cent. (8 grains per ounce) ; in salt butter, not more than 8 per 
cent. (35 grains per ounce). To determine the salt, wash a weighed portion 
of butter thoroughly with cold distilled water, and determine the chloride 
of sodium by nitrate of silver (see page 76). Dr Tidy recommends incinera- 
tion and weighing the residue ; his limit is 7 per cent. 





* I have made a considerable number of experiments on the melting-point and solubilty in 
ether, and on the whole attach more importance to the melting-point to the solution in 
ether. 

+ It is rare for butter oil to be completely solid at 82°, but I once found it so in an undoubt- 
edly pure butter, made during the winter on a gentleman's private farm. But usually butter is 
not solid till 68° or 65°. ; 

+ These numbers were given to me by my friend Dr Campbell Brown of Liverpool, who has 
published a very good scheme for the examination of butter, of which I have made use. 

§ Hassall employs a converse plan, using a float instead of a sinker, the temperature at which it 
rises to the sates being noted ; this pale occurs about 2° Cent., or 6°-6 Fahr. lower than the 
sinking-point above mentioned. Other plans have been proposed by Dr Tripe, Mr Heisch, 
Dr Redwood, and Mr Bell. Mr P. Duffy has pointed out the curious fact that pork, mutton, 
and beef fate have two or three allotropic conditions, with different melting-points. 
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By this method the amount of water, casein, oil, and salt will be deter- 
mined, and the quality of the butter oil will have been examined. 


Scheme for a Short Examination. 


1. Determine quality by the taste and smell of the whole butter, and of the 
melted, poured off, and recongealed fat.* 

2. When melting for the fatin a tube, notice approximate amount of casein. 

3. Determine the sinking-point by Angoll’s plan, or the floating-point by 
Hassall’s, 

4, Examine butter and recongealed fat with microscope, and add a weak 
solution of iodine to test for starch. 

5. If time and means allow, determine the percentage of fixed fatty acids 
in the butter fat, by Angell and Hehner’s method, or 

6. Determine the specific gravity by Bell’s method. 


Adulierations. 


Butter is supposed to be frequently adulterated with lard, and with beef, 
mutton, and horse fat, and with vegetable oils. I have examined many 
specimens without getting satisfactory evidence of this.¢ In a process lately 
devised by Mége-Mouries,{ fresh beef suet is melted in warm water with car- 
bonate of potash and portions of fresh sheep’s stomachs. The fat thus 
separated from the cellular tissue is cooled and subjected to hydraulic pressure, 
when the oleo-margarine.is separated from the more solid stearine (which is 
used for candle-making), and mixed with milk and with a little of the soluble 
matter obtained by soaking cows’ udders in milk, and with annatto, and is 
then churned. Now, this process is so complicated that it would not pay a 
dishonest tradesman to do it, and it could only be practised on a large scale. 
The sinking point and the determination of the amount of fixed fatty acids 
would probably detect this.§ 

Potato or other starches are sometimes added. It is a rare adulteration, and 
is at. once detected by iodine, either at once or after melting. Gypsum and 
sulphate of barium have been added, it is said ; this must be very rare, and be 
at once detected by melting and pouring everything off the insoluble powder, 
or by incinerating. Annatto is frequently used to colour butter.|| 

Preservution of Butter.— Pouring water which has been boiled over butter 
will keep it for some time ; but a better plan is one discovered by M. Bréon,@ 
viz., water acidnlated slightly (3 grammes to 1 litre) with acetic or tartaric 
acid, is added, and the whole is placed in a closc-fitting vessel. Sugar also 
has a preservative effect, especially when mixed with a little salt. 


SECTION XIIL 
CHEESE. 


As an Article of Diet.—It contains a very large amount of nitrogenous 
matter in small bulk (p. 195), and as it is agreeable to the palate, it must be 





* Butter becomes rank and bad, by the cream being allowed to become sour before churning 
in consequence of dirty vessels ; it is a good plan to stir up the cream from time to time. 

+ More recent investigations by the later methods of analysis have shown that it does occur 
from time to time. 

+ Pharmaceutical Journal. Oct. 1872. 

4a substanc? from New- York has lately made its arent in the inarket under the name 
of Butterine ; it appears to be a wholesome fat, and as long as it is sold honestly as a substitute 
for butter, but not as genuine butter, its introduction will probably be a boon to many on 
account of its cheapness, 

| Angell an?, Hehner record two cases of adulteration by mixing with milk, 
4, 1 Payen. . Des Subst, Alim. 4th ed. p. 179, 


EGGS—-CONCENTRATED AND PRESERVED FOOD. ‘271 


an excellent food for soldiers in war. About 
ous substance as 1 ib of meat and + 
ever, keep well in warm climates, 


The quality is known by the taste. The only adulteration is from sub- 
stances to give weight. Starch is chiefly employed, and can be detected at 
once by iodine. There is usually about 5 or 6 per cent. of salt. 


Sulphate of copper and arsenious acid are sometimes used to destroy 


insects ; the rind 18 then the most poisonous part. Copper is detected by 
ammonia or potassium ferrocyanide. Arsenic by any test (Reinsch’s or 
Marsh’s). Sometimes cheese becomes sour, particularly if made from sheep’s 
milk, and may cause diarrhea. 

The Acarus domesticus, Aspergillus glaucus (blue and green mould), and 
Sporendonema casei (red mould), form during decay. During decay the fat 
augments at the expense of the casein; leucin is produced, and valerianic 
and butyric acids. Lactic acid is also often produced from the lactin of the 
milk contained in the cheese. The aroma of cheese partly arises from this 
decomposition, and the production of volatile acids, 


4 contains as much nitrogen- 
of a has much fat. It does not, how- 


SECTION XIV. 
_ EGGS. 


It is needless to say anything of eggs as an article of diet; they contain 
albumen and fat in very digestible forms. 

Composition and Choice.—An egg weighs from 600 to 950 grains, or even 
more; the average weight is about two ounces avoir. ; 10 parts are shell, 60 
white, and 30 yolk; the white contains 86 per cent. of water; the yolk 52 
per cent. ; 100 grains of egg, therefore contain— 

10 grains shell. 
22°8 ,, albumen and fat. 
67°2 ,, water. 


1000 

If an egg weighs two ounces, it contains nearly 200 grains of solids; this 
is a convenient number to remember, as 100 grains correspond to 1 ounce. 

For choice, look through the egg; fresh eggs are more transparent in the 
centre, old ones at the top. Dissolve 1 ounce of salt in 10 ounces of waier ; 
good eggs sink ; indifferent swim. Bad eggs will float even in pure water. 

Preservation.—Eggs are packed in sawdust or salt, or are covered with gum 
or oil, or placed in lime-water, with a little cream of tartar.* Boiling for 
half a minute also keeps them for some time; in fact, anything which 
excludes air. 


The lime-water gives them, it is said, a peculiar taste, and makes the 
albumen more fluid. z 


SECTION XV. 
CONCENTRATED AND PRESERVED FOOD.+ 


For the military surgeon this subject is so important, that it is desirable to 
put the chief facts under a separate section. : 





*J¢ is said that covering them with a solution of bees-wax in warm olive oil (4 of bees-wax 
$ds df olive oil) will keep them for two years.—Chemical News, August 1865. p. 84. 
+ Dr Letheby informa us, that from 1800 to 1855 there were 177 patents taken out for drying 


and preserving food. Of these 26 were for drying the food, 31 for excluding atmospheric air, 
and 8 for giving an impervious coating. 


272 FOOD. 


It is obvious how important it must be in time of war to havea food which 
may be at once nutritious, portable, easily cooked, and not liable to deteriora- 
tion. lLind’s sagacious mind long ago saw this, and he strongly urged the 
advisability of having on board ship prepared food of this kind. It must be 
remembered, however, that a man must get his 260 to 300, or even 350 grains 
of nitrogen, and 8 to 12 ounces of carbon, in each twenty-four hours, besides 
some hydrogen and salts. The work of the body when in activity cannot be 
carried on with less ; and at present these elements cannot be presented to us 
in a digestible form in a smaller bulk than 22 or 23 water-free ounces, Con- 

‘centration at present cannot be carried beyond this, and practically has not 
really been carried to this point. Life, however, and vigour may for some 
days be preserved with a much less amount; and I have reduced the total 
amount of food to 11 water-free ounces daily, with full retention of strength 
for seven days, though the body was constantly losing weight. For expedi- 
tions of three or four days, if transport were a matter of great difficulty, 
soldiers might be kept on 10 or 12 ounces of water-free food daily, provided 
they had been fully fed beforehand, and subsequently had time and food to 
make up the tissues of their own body, which would be expended in the 
time, and would not have been replaced by the insufficient food. 

When we inquire into the concentrated foods now in the market, some of 
which profess to supply all the substances necessary for nutrition, we find 
them not very satisfactory. They are often not so concentrated as they might 
be, or are deficient in important principles, or are disagreeable to the taste. 

Dried Meat.--Meat dried at a very low heat has been brought into the 
market by Verdeil. It has lost the greater part of its water, is hard, and 
requires very careful cooking, but is believed to be nutritious when well 
prepared. 

Messrs M‘Call of London have also prepared an excellent dry meat; it is 
sold in packets, each of which weighs 4 oz., and is intended for one meal. It 
contains salt and pepper, and 12 per cent. of water. 

Hassall’s Flour of Meat.—Good fresh meat, freed from visible fat, is care- 
fully dried at a very low temperature, and is pulverised by machinery, so that 
a very tine smooth powder is formed. This is mixcd with about 8 per cent. 
of arrowroot, 24 per cent. of sugar, and 3 per cent. of a mixture of salts, 
pepper, spices, and colouring matter. The object of the arrowroot is to assist 
its suspension in water. From an analysis of 3 samples of the commercial 
flour of meat, I found the average to be in 100 parts—water, 12°68; fat, 
10:99 ; salts, 3°82 ; and nitrogen, 8°81 (= nitrogenous compounds, 55:5) ; the 
rest is made up of arrowroot, spices, sugar, &c. The free acidity, taken as 
lactic acid, is 1°8 per cent. As this flour of meat contains albumen and 
fibrine in a condition well adapted for nutrition, it is probably more suited 
than Liebig’s extract for a diet of long continuance. I have tried some ex- 
periments with it, and found that, when given with bread alone, it did not 
nourish properly. Two gentlemen, who lived on it and bread for some days, 
both became indisposed, and there was great dyspepsia, evidently imperfect 
digestion, with, in both cases, an eruption of acne. When to the same diet 
a larger amount of fatty and vegetable foods were added, without any increase 
in the meat or bread, the effect on health was described by both observers as 

. perfectly marvellous; all symptoms of illness disappeared, and with this 
proper admixture of foods, ‘Hassall’s flour of meat answered admirably.* 





* T have seldom been more impressed than with these experiments ; the evident difficulty in 
ee of Hassall’s food by itself, and in its perfect digestibility and evident nutritive power 
when there was admixture of vegetables and carbo-hydrates and fat, convinced me of the in» 
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Hassall’s flour of meat keeps very well; but if the open tins are exposed to 
the air, after several months it slightly changes colour, and then acquires a 
peculiar odour. Subsequently it decomposes. But if well fastened, it will 
keep fora very long time. It will certainly be a valuable addition to the 
resources of the military surgeon. 

Under the terms Tasajos and Chargui, two kinds of meat are prepared in 
South America ; it is probable that these terms have not always been used 
in the same sense. According to Mr Bridges Adams, Tasajos is meat cut in 
thin slices, dipped in brine, and then partially dried. Charqui is thin strips 
of muscular fibre from which the fat is removed, dried rapidly by sun heat, 
and sprinkled with maize. The salted dried meat (Tasajos), analysed by 
Hassall, gave from 29 to 56 per cent. of water; 15 to 41 per cent. of 
nitrogenous substances; 3 to 12 of fat, and 11 to 20 of salts. 

The dried meat of the Kaffirs (beltong) is very much the same; great 
hunks of beef are sun-dried, and remain undecomposed for a long time. So 
also in Egypt the meat is dried by exposure to the sun and north wind. 

The Pemmican of the Arctic voyagers is a mixture of the best beef and fat 
dried together, and is an excellent food, though rather expensive. Sugar is 
sometimes added, and sometimes raisins and currants; the latter would be a 
very desirable addition where there was a deficiency of vegetable food. For 
analysis of pemmican see page 195. 

Liebig’s Eatractum Carnis is the juice of meat extracted on the following 
plan :—Every particle of meat is separated from fat and tendons, and is 
then subjected for some time to a moderate heat ; a viscid dark extract at last 
collects, which contains the salts, creatin, and other organic nitrogenous sub- 
stances. Mixed with warm water, this extract gives a highly agreeable and 
nutritious beef-tea or mutton broth. One ib of mutton gives about two-fifths 
of an ounce of extract. It has the remarkable quality of not decomposing ; 
Liebig had some for fifteen years in a bottle loosely stoppered. 

There are now numerous samples of Hatractum Curnis in the market, pre- 
pared in South America and Australia. The majority have an almost identical 
composition. I have analysed five different kinds, and there are other 
analyses by Apjohn and Hassall. Two of my five samples were obtained from 
the Fray Bentos Company, the others from Australia, Buenos Ayres, and 
Monte Video. The average amount of water (using round numbers) was 16 
per cent.; of ash, 20 per cent.; of nitrogen, 8 per cent.; the lowest being 
6°6, and the highest 10°14. All had an agrecable acidity; the average 
quantity was equal to 7 grains of free lactic acid (assuming that acid to be 
the sole cause of the acidity, which is not certain), and in addition there was 
combined lactic acid equal to 54 grains. In all these respects the several 
extracts were very similar. There are some other extracts in the market, 
which are less rich in salts and more watery, but containing almost as much 
nitrogen ; gelatine appears to have been added to these. 

When Liebig’s extract is taken during fatigue, it is found to be remarkably 
restorative, increasing the power of the heart, and removing the sense of 
fatigue}following great exertion. Mixed with wine, it has been employed 
with great success in rousing men in collapse from wounds. As, however, 
the nitrogenous compounds in the Eztractum are not in the form of albumen 
or fibrine, but of other compounds (creatine, extractives soluble in water and 
alcohol), it has been supposed that the nitrogen is not capable of being 
employed in the nutrition of muscles or gland-cells, and, in fact, that the 





mense importance of attending to these points in cases of sickness. I feel sure that in many 
cases, by adhering too closely to one class of diet, we must do injury. 
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Extractum Carnis does not represent a true nutritive albuminate. Liebig 
considered it to be a condiment which increases the power of the stomach to 
digest vegetable foud ; and Horschelmann,* who does not consider it a sub- 
stitute for meat, yet thinks that it aids in digesting hard meat, and that the 
meat ration can be lessened when it is used. By some its action has been 
compared to that of tea and coffee, but there does not appear to be any close 
‘parallel. By supplying lactic acids and flavouring matters and potash salts, 
it must aid nutrition, even if we suppose that the nitrogenous principles are 
useless, which cannot be considered as yet proved. It has been stated by 
Kemmerich}+ that the potash salts increase at first the power of the heart, but 
afterwards paralyse it, and he believes that large quantities of Liebig’s extract 
may thus be injurious. Bunget has repeated the experiments, and finds that 
Kemmerich has much overstated the effects, and that to paralyse the heart 
enormous doses would be necessary. There are about 15 grains of potash 
salts in 100 of extract, and Bunge has calculated that if the quantity which 
kills a rabbit, increased for size, would kill a man, no less than 225 grammes 
or 3471 grains would be necessary, which would be equivalent to putting the 
poisonous dose of potash at only 50 grammes (771 grains) ; the extract could 
not therefore do harm, even if taken in most unusual doses, 

When taken in very large doses, the extract (like large quantities of meat) 
does sometimes cause heaviness and torpor, and this has been ascribed to the 
potash salts, but it may be a question whether it is not owing to the excess 
of the nitrogenous extractive matter.§ 

About 230 grains of extract in one pint of water are nearly equal to a pint of 
beef-tea made from +',ths ib of fresh beef; 2th ounce of extract in one pint 
are equal to a pint made from 1 fb of fresh beef. Thore is, however, a general 
opinion that the extract beef-tea is not so good as that made at once from 
fresh beef; a mixture of the two is well spoken of. 

It seems probable, though proof has not been given, that Liebig’s extract is 
an anti-scorbutic. 

The “ concentrated beef-tea” is beef-tea and the juices of the compressed 
beef mixed and evaporated. This is a highly nutritious substance, and most 
useful to the army surgeon. Mixed with wine, and given as soon as possible 
after wounds are received, in the time of shock and collapse, it was found in 
the Austrian army (in 1859) to save the lives of many wounded men, and the 
experience of the Federal American army is to the same effect (Hammond). 
Extractum Carnis is now made also by pressure without heat. . 

Extract of Mutton.—An Australian extract of mutton is now sold, which 
is more solid than Liebig’s extract, and differs from it in containing much fat. 
It is a very good preparation. 

Bellat’s Extract of Meat.||—In making this extract, the meat, deprived 
of fat and tendons, is cut up very fine, and exhausted with cold water; the 
residue is vapour-heated in hermetically-sealed vessels, and is then heated with 
its own weight of water and a proper quantity of bone to 194° Fahr. for six 
hours ; it is subsequently pressed in an hydraulic press, mixed with water and 
cooked. vegetables. To this mixture the cold-water extract is then added, and 


. pmnint mish ag wher? ean i ikho Je 
Zeitsch. fiir die ges. Phys., band ii. p. 49, 1869. See my Report on Hygiene in the 
Med. Department Blue Book, vol. ix. p. 256, for an abstract And disoussiane” mer 

+ Zeitsch. fiir die ges. Phys., band iv. ». 234. 

§ Two gentlemen at my request lived for four days on Liebig’s extract and bread. One lost 
‘weight, but was otherwise healthy ; the other became indisposed and gained wei ht, as if excre- 
tion were interfered with, These symptoms were at once removed by the addition of fate and 
starches to the same diet, as in the analogous case noticed as occurring in the experiments with 
‘Flassall’s dried meat. < ; 

| Poggiale, Rec. de Mem. de Med. Milit. 1868, Auvril, p. 268, 
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the whole is heated to clarify it, and is then filtered. It is subsequently 
evaporated to the consistence of thick honey, and packed in metal boxes, from 
which the air is excluded. A little less than an ounce (25 grammes) in 132 
pint (1 litre) of water makes a good , beef-tea. 

Edward's patent desiccated soup consists of a mixture of beef and veget- 
ables; it is easily prepared by boiling in water, about an ounce to a pint of 
water. It was well spoken of in the Ashantee war. 

Meat Biscuits.—These biscuits, or powders, for they are generally powdered 
and sold in canisters, are formed by mixing rich extract of meat with wheat 
flour, and drying. The biscuit of Mr Gail Borden, of Galveston, in Texas, 
contains equal parts of meat-extract and dried flour (made in a Papin’s 
digester). A biscuit like this was very much used in the American war. 
The inventor represents that 10 Ib will last a man for fourteen days, or at the 
rate of 11:2 ounces a-day, but this is clearly an exaggeration. The biscuit, 
after being powdered, is soaked in cold water for a few minutes, then boiled 
from twenty to thirty minutes. 

Meat bisuits can be made in a very simple way, by mixing together, cook- 
ing, and baking 1 bb flour, 1 Ib meat, 4 tb fat (suet), $ tb potatoes, with a 
little sugar, onion, salt, pepper, and spices. A palatable meat bisuit, weigh- 
ing about 1} kb, containing 10 to 12 per cent. of water, is then obtained, 
which keeps quite unchanged for four months. 

Pea Sausage.—In the Franco-German war the Germans made great use of 
& pea sausage, made by mixing pea-flour and fat pork, with a little salt. I 
found it to- contain, in 100 parts, 16°2 of water, 7°19 of salts, 12:297 of 
albuminates, 33°65 of fat, and 30°663 parts of carbohydrates, It is ready 
cooked, but can be made into a soup. It was much relished for a few days, 
but the men. got eventually tired of it, and in some it produced flatulence and 
diarrhea. 

Flour Sausages.— A mixture of pork and wheat flour has been used in the 
same way. 

Maize and Beef.—The Germans in 1870 made also use of a mixture of 
maize and beef, which appears to have been much liked. 

Dried Cerealia.—Many flours, if well dried, will keep for a long time. 
Hard’s “‘farinaccous food for infants” is wheat flour baked. Denham’s 
* farinaceous food ” is composed of 3 parts wheat flour and 1 part of barley, 
dried at a heat of 200° Fahr. It loses from 26 to 30 por cent. in weight. 
The Russian Government formerly used a cake composed of a mixture of 
oatmeal and malt (2 parts to 1) ; it was baked, and formed an agrecable article 
of food. When placed in water in a warm place, a slight fermentation goes 
on, and a kind of beer is produced. I have kept these cakes unaltered for 
more than a year. There are now in the market different kinds of malt 
biscuit and granulated malt food. Liebig’s food for infants is composed of 
equal parts of wheaten flour and malt flour mixed with a little carbonate of 
potash and cooked with 10 parts of milk. The wheat and malt flour are now 
usually cooked, and sold in powder ready to be boiled with the milk. 

Dried Bread.—In addition to biscuit already described, bread has been 
partially dried by being pressed in an hydraulic press (method of Laignel). 
Much water flows out, but when taken out the bread still feels moist. Ina 
day or two, however, it becomes as hard as a stone, and in a year’s time will 
be found good and agreeable. Placed in water, it slowly swells. The “pain 
biscuité ” of the French army is bread dried by heat (see Bread). 

Dried Potatoes are sold in two forms—slices and granulated. In either 
case the potato is easily cooked, and is very palatable. It should be soaked 
in cold water first for some time, then slowly boiled, or, what is much better, 
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‘seamed, The directions for cooking Edward's preserved potato (wilich is - 
granulated) sbe-: “To three quarters.of a poundadd about‘otie quart. of boil- 
ang‘ water, stitting itat thetame time; cover'it closely:; the basin ox‘vesgel 
‘us6d should be kept hot; let it stand for ten: minutes’;~the, well:gussh, 
‘kdding ‘butter, salt, dc., at discretion.” « It-is stated.to ,ba;equal to. six times 
‘its ‘bulk of the fresh vegetable, but this'is hardly borne.out hy analysis : four 
times is as high as it would be’ safe to allow. Indeed both my own ‘and 
"Professor Attfield’s andlyses (see Report of Committee on Scurvy, £8%%} show 
‘that'a Ib of preservedl potato contains the solid matter of only 34 thr of ordinary 
fresh potatoes. (F. de C.) : . eo 
Dried Vegetables (other than Potatoes).—Dried and edmpressed vegetables 
of all kinds (peas, cauliflowers, carrots, &c.) are now prepared, especially by 
Messrs Masson & Challot, so perfectly that, if properly cooked, they furnish 
a dish almost equal to fresh vegetables. “Professor Attfield (see Report of 
Committee on Scurvy) found that dried compressed cabbage ogntained the 
solids of seven times its weight of fresh cabbage, whilst the mixed:regetables 
contained jive and a half times the solids of the fresh vegetables::. They must 
be cooked very slowly. If there is any disagreesbls.tastd from commencing 
putrefaction, which is very rare, a little chiorids of lime removes it at ance. 
Potassium permanganate can be also used for thisp © eee 
As anti-scorbutics they are.said to -be inferior to the fresh. vegetable 
{experience of American war); but are still much better than nothing.* : 
Dried Miik,—Preserved milk is sold ina liquid form (see Milk), but is also 
sold as a powder. ‘Desiccated milk is now very well prepared; 1 examined 
a sample of Fadeuille’s desiccated milk; the bottle contaiied 1502 grains, 
consisting of — da 
: Casein, ‘ ° *e e e 524°588 ** 


a Fa, . . . . «~~ 880442 
Lectin, . . «1. 4, + 492-265 
Salta, i ip ee GB. OG 73°890 — 


and intended to be mixed with a quart of water. When so mixed it had a 
specific gravity of 1026 ; a little sugar had probably been added. Cream to 
the extent of ,5,ths rose to the surface. The milk turned acid in twenty- 
four hours. 

Concentrated Milk.—Milk is evaporated at low steam heat to the consistence 
of a thick syrup, and white sugar is added. I have examined four kinds, 
three of these being very similar, the fourth more watery, but of less cost. 
There was no impurity, and the casein, fat, and salts were in good proportion. 
The percentage of water was 20, 21°8, and 19:2 in the three concentrated 
milks, and 42-15 in the watery. After opening the tins all the samples re- 
mained good for over a month. 

Dried Eggs.—The yolk is not easily kept after drying, but the white can 
‘be.g0 ; it is cut into thin scales, and forty-four eggs make about 1 . The 
yolk and white are also mixed with flour, ground rice, &c., and are then dried. 





* Professor Attfleld (loc. cit.) considers that in the compressed ‘vegetables some, at least, 
‘of the juice is lost in the preparation, probably by pressure. . Bose 
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CHAPTER VII. 


BEVERAGES AND CONDIMENTS. 


SECTION IL 
ALCOHOLIC BEVERAGES, 


ALTHOUGH it is convenient to place all the beverages which contain Alcohol 
under one heading, they yet differ materially in composition and effects. 


Sus-Srotion L.—Bxer. 


Composition.—The law formerly allowed only malt and hops to be used in 
brewing,* but since the repeal of the hop duties various bitter substances are 
used. Beer ought to consist of malt and hop extracts only,—of alcohol, formed 
by fermentation, and of salts added in the water, or present in the malt and 
hops. 

The specific gravity varies from 1006 to 1030, or even more, in the thick 
German beers ; the average in English beers and porters is from 1010 to 1014. 
The percentage of malt (dextrin, cellulose, sugar) is from 4 to 15 per cent. in 
ale, and from 4 to 9 per cent in porter. It is least in the bitter, and highest: 
in the sweet ales. The hop extract (lupulite and resin) is in much smaller 
amount. The alcohol varies from 1 to 10 per cent. in volume. The free 
acidity which arises from lactic, acctic, gallic, and malic acids, ranges 
(if reckoned as dry acetic acid) from 15 to 40 grains per pint.t The sugar 
has a great tendency to form glucinic acid (C,,H,,0,). There is a small 
quantity of albuminous matter in most beers, but not averaging more than ‘5 
percent. The salts average ‘1 to ‘2 per cent., and consist of alkaline chlorides, 
and phosphates, and some earthy phosphates. There is a small amount of 
ammoniacal salt. The dark beers, or porters, contain caramel and assamar. 
Free carbonic acid is always more or less present ; the average is ‘1 to ‘2 parts 
by weight per cent., or about 1 cubic inch per ounce. Volatile and essen- 
tial oils are also present. 

Adopting mean numbers, 1 pint (20 ounces) of beer will contain :— 


Aleohol, ‘ ; : ; 1 ounce. 
Extractives, dextrin, sugar, . ; ; 1:2 ,, (524 grains). 
Free acid, . : : ‘ ‘ ; 25 grains. 

Salts, , 13 grains. 


Physiological Action.—The action on tissue metamorphosis, as far as is 
known, is supposed to be one of lessened excretion ; the urea and pulmonary 
carbonic acid being both decreased. If this be the case, it is not owing to the 


* Inthe Licensing Act (1872), clause 19 contains penalties for using any deleterious substance 
for mixing with liquors sold by persons having licences under the Act, and in the first schedule 
to the Act is a list of deleterious ingredients, viz. :—*‘ Cocculus indicus, chloride of sodium 
(otherwise common salt), copperas, opium, Indian hemp, strychnine, tobacco, darnel seed, extract 
of logwood, salts of zinc or lead, alum, and any other extract or com und of any of the above 
ingredients.” Several articles, which are supposed to be used as adulterants, are omitted from 


this list. 
+ Reckoned as glacial acetic acid, these numbers would be slightly increased. 
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alcohol, at least in moderate dietetic doses, but to some of the other 
ingredients ; but the experiments require repetition.* Onthe nervous system 
the action is probably the same as that of alcohol. The peculiar exhausting 
or depressing action of beer taken in large amount has been ascribed 
by Rankeft to the large amount of potash salts, but probably the other con- 
stituents (especially the hop) are also concerned. 

When beer is taken in daily excess, it produces gradually a state of fulness 
and plethora of the system, which probably arises from a continual, though 
slight interference with elimination, both of fat and nitrogenous tissues. 
When this reaches a certain point, appetite lessens, and the formative power 
of the body is impaired. The imperfect oxidation leads to excess of partially 
oxidised products, such as oxalic and uric acids. Hence many of the 
anomalous affections, classed as gouty and bDilious disorders, which are 
evidently connected with defects in the regressive metamorphosis. 

The question, what is excess ? is not easy to answer, and will depend both 
on the composition of the beer, and on the habits of life of those who take it, 
but judging from the amount of alcohol which is allowable, from one pint to 
two pints, according to the strength of the beer, is a sufficient amount for a 
healthy man. 


EXAMINATION OF BEER. 
This is directed to ascertain—1. Quality ; 2. Adulterations. 


1. Quality. 


1. Physical Characters—The beer should be transparent, not turbid. 
Turbidity arises from imperfect brewing or clarifying, or from commencing 
changes. If the latter, the acidity will probably be found to be increased. 
The amount of carbonic acid disengaged should neither be excessive nor 
deficient. 

The taste should be pleasant. If bitter, the bitterness should not 
be persistent. It should not taste too acid. 

Smell gives no indication till the changes have gone to some extent. 

If there is any turbidity, there will be found on microscopic examination 
abundance of yeast cells and amorphous deposit. 

2. Determine Specific Gravity.—If this is done after the alcohol is driven 
off (sce Determination of Alcohol), an approximate conclusion can be formed 
of the amount of solids by dividing by 4 the excess of the specific gravity 
over 1000. The more malt extract, the greater is the body of the beer. 


Specific Gravity Per cent. of Specific Gravity Per cent. of 
after loss of Alcohol. Extract, after loss of Alcohol. Extract. 
1004S, , : 1 1024 . : : 6 
1008 __—s«, , ‘ 2 10281 . : ; 7 
1012_—i, : : 3 1032°2.—,. ‘ ‘ 8 
1016, ; : 4 103863. : i 9 
1020 _—si, ; : 5 1040-4, : . 10 


3. Determine Acidity.—This is a very important matter, as the increase of 
acidity 1s an early effect when beer is undergoing changes. 
' The acidity of beer consists of two kinds. 
Volatile Acitds.—viz., Acetic and carbonic. 
Non-Volatile Acids.—viz., Lactic, gallic or tannic, malic, and sulphuric, if 
it has been added as an adulteration. 
. * Binz (Journal of Anatomy and Physiology, May 1874) states that alcohol diminishes both 
a. 


the pulmonary carbonic acid and ure ib 
+ Phys. des Menschen, 1868, p. 189, os 
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- To determine acidity of beer and all other liquids, the easiest plan is to 
prepare an alkaline solution of known strength. 


Standard Alkaline Solution. 

A standard acid is first made, and crystallised oxalic acid (C,H,0, + 20H,) 
(equivalent 126) is now usually employed. 

One-twentieth of an equivalent (6-3 grammes) is taken and dissolved in 1 
litre of water. 1 C.C. of this solution contains therefore ‘0063 grammes of 
crystallised oxalic acid, and is exactly equal, of course, to an equivalent pro- 
portion of any other acid. 

A solution of liquor soda, or potasse if soda cannot be obtained, is now 
taken and graduated with the acid solution; so that 1 C.C. of oxalic acid 
solution shall exactly neutralise 1 C.C. of the alkaline solution. Then 1 
C.C. of the alkaline solution will be equal to ‘0063 grammes of oxalic acid, 
or to an equivalent proportion of any other acid, as shown in the table. 


1 CC, alkali : sae 
inion 2 als ‘0063 grammes of crystallised oxalic acid (C,H,O, + 20H,). 


3 0051 3 acetic anhydride or anhydrous acetic acid 
(C,H,O,). 

‘5 0060 : glacial acetic acid (C,H,0O,). 

‘ 0064 se citric acid (C,H,O,).* 

3 “0075 . tartaric acid (C,H,O,).* 

fm 0090 ‘5 lactic acid (C,H,O,). 

- 0040 ss sulphuric anhydride or sulphuric trioxide 
(SO,). 

0049 s sulphuric acid (SO,H,)t 


In preparing the alkaline solution, dilute the common liquor potassz of the 
pharmacopreia (if caustic suda cannot be had) with about 7 or 8 parts of water ; 
put a portion into the burette, and add it to 10 C.C. of the standard acid, 
coloured with litmus or cochineal. It will be found that ahout 8 or 9 C.C. 
of the liquor potasswz will neutralise the 10 C.C. of acid ; read off the amount 
of alkaline solution used, measure the remaining portion, and calculate by 
rule of three how much water must be added to dilute it, so that 10 C.C, 
shall be required to neutralise 10 C.C. of the acid. 

Excample.—-10 C.C. of acid required 8-7 €.C. of alkaline solution, and the 
remainder of the alkaline solution measured 160 C.C, 


87:10:: 160: 2 
x= 183-9, 


Thus (183°9 - 160 =) 23:9 C.C. of water must be added to the 160 C.C., 
to dilute it to the proper strength. Add then this amount of water, and test 
it once more to see that there is no mistake. The alkaline solution does not 
keep well, and must be re-tested, if a long time passes without its being used. 

Having prepared the alkaline solution, take a measured quantity of beer 
(say 10 C.C.), and drop in the alkaline solution from the burette, till exact 


* Citric acid is tribasic and tartaric acid bibasic, hence their relative neutralising quantities 
are respectively one-third and one-half of their equivalents. 

+ In stating the result of the inquiry, the composition of the acids should always be given, by 
adding the symbols, otherwise error may arise. the symbols are given, no mistake is possible. 
It must be remembered that the atomic weights are those of the unitary system. With regard 
to litmus, it ought to be very good and neutral. The best way of making it is to make first a 
concentrated watery solution, then to add dilute sulphuric acid to slight acid reaction, boil, 
and then add liq. baryta to very slight alkaline reaction ; destroy the alkaline reaction by passin 
through two or three bubbles of carbonic acid. Boil, filter, and add one-tenth part of alcohol. 
Srey Ti is probably more convenient, as it gives a sharper reaction: for its preparation see 
page 81. 
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neutrality is reached. Then read off the number of C.C. of alkaline solution 
used ; multiply by the co-efficient of glacial acetic acid, and the result will be 
the amount of total acidity in the quantity of beer operated on, as expressed 
in glacial acetic acid (the symbols being always used in the pepe By 
shifting the decimal point two places to the right, the amount per litre is 
given. ‘To bring grammes per] litre into grains per pint multiply by 70, and 
divide by 20; or, what is the same thing, multiply at once the number of 
centimetres of alkaline solution used by 5:25. an ounce has been taken 
instead of 10C.C., multiply the C.C. of alkaline solution by 1°85 to bring the 
amount into grains per pint. 

If the alkaline solution cannot be made, dried carbonate of soda must be 
used ; weigh 53 grains, and dissolve in 1000 C.C. of distilled water; 1 C.C. = 
053 grains, and this is equivalent to ‘063 grains of crystallised oxalic acid. 
If there is no burette, then weigh 100 grains of carbonate of soda; add por- 
tions gradually to the heer, and when the beer is neutralised, weigh the 
carbonate of soda remaining. Then calculate by rule of three. 

As 53 isto the equivalent of the acid sought ; so is the amount of carbonate 
of soda used to x; x=amount of acid in the quantity of beer operated 
upon. 

The total acidity can be divided into fixed and volatile by evaporation. 
While the total acidity is being determined, evaporate another measured 
quantity of beer to one-third, then dilute with water, and determine the 
acidity. The acetic and carbonic acids being volatile are driven off, and lactic 
and other acids remain. Deduct the amount of alkaline solution used in this 
second process from the total amount used, and this will give the amounts 
used for the volatile and fixed acidities respectively ; express one in terms of 
acetic, the other of lactic acid. Short factor for lactic acid =7°875. The 
fixed acidity is greater than the volatile in almost all beers, and sometimes 
five or six times as much. 

Generally speaking the determination of total acidity of beer given in 
books is too great. I have seldom found it to be more than 30 grains per 
pint, and often less ; sometimes not more than 14 or 15 grains. In 31 kinds 
of porter and stout recorded in the British Medicul Journal (June 1870), the 
acidity per pint varied from 25°22 grains (the highest) to 14°14 grains (the 
lowest amount). In 23 kinds of ale, the highest and the lowest amounts per 
pint were 35°39 and 7:97 grains. 

4, Determine Amount of Alcuhol.—There are various ways of doing this, 
but one of the two following will be sufficient. 

Measure a certain quantity, say one pint of beer, and take the specific gravity 
at 60° or 68° Fahr.* 1st, Put into a retort and distil at least two-thirds. 
Take the distillate, dilute to original volume with distilled water, determine 
the specific gravity at 60° or 68° by a proper instrument, and then refer to the 
annexed. table of specific gravities—opposite the found specific gravity the 
percentage of alcohol is given in volume (not in weight). 

2d, Then, to check this, a plan recommended by Mulder may be used. 
Take the residue of the beer in the retort, dilute with water to the original 
volume, and take the specific gravity at 60° or 68°. 

Then deduct the specific gravity before the evaporation from the specific 
gravity after it, take the difference, and deduct this from 1000 (the specific 
gravity of water), and look in the table of specific gravities for the number 


* Haasall recommends previous removal of CO,, by shaking up in a corked bottle for 10 
minutes, opening the bottle from time to time, and sucking air through it with a tube, This 
is more necessary with bottled than draught beer, : 
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thus obtained ; opposite will be found the percentage of alcohol.* The results 
of these two methods should be identical. 

If there is no retort, this second plan may be used with a common evaporat- 
ing dish, the alcohol being suffered to escape. A common urinometer (tested 
for correctness in the first place by immersion in distilled water at 62° Fabr.) 
may be employed for determining the specific gravity. The plan is very use- 
oe - medical officers ; it requires nothing but a urinometer and evaporating 

8 


Alcohol (Volume) according w Specific Gravity, 

















100 parts. Specific Gravity, 100 parts. Specific Gravity. 

Alcohol, | Water. At 68°, At 60°, Alcoho). | Water, tAt 68°, At 60°. 
50 50 0°914 0°917 24 76 0°966 0'968 
49 61 0°917 0°920 23 77 9°968 0'970 
48 52 0°919 0°922 22 78 0°970 0°972 
47 63 0°921 0°924 21 79 0:971 0'973 
46 54 0°923 0°926 20 80 0:978 0:974 
45 55 0°925 0°928 19 81 0°974 0'975 
44 56 0°927 0°930 18 82 0°976 0'977 
43 57 0°930 0:933 17 83 0°977 0'978 
42 58 0°932 0°935 16 84 0:978 0°979 
41 59 0°934 0°937 15 85 0980 0°981 
40 60 0°936 0'939 14 86 0'981 0°982 
39 61 0°938 0°41 13 87 0°983 0984 
38 62 0°940 0°943 12 88 0°985 0'986 
37 63 0°942 0°045 11 89 0'986 0°987 
36 64 0°944 0°947 10 90 0°987 0°988 
35 65 0°946 0°949 9 91 0°988 0°989 
34 66 0°948 0°95] 8 92 0'989 0°990 
33 67 0°950 0°953 7 93 0°990 0°991 
82 68 0°952 0°955 6 94 0°992 0°992 
81 69 0'954 0957 5 95 0°994 0°994 
380 70 0°956 0'958 4 96 0°995 0°995 
29 71 0°957 0°960 8 97 0°997 0°997 
28 72 0°959 0°962 2 98 0°998 0:°998 
27 73 0°961 0°963 1 99 0:999 0°999 
26 74 0°963 0°965 0 100 1°000 1°000 
25 75 0°965 0°967 





Alcohol is sometimes stated by weight in volume, The following table 
shows tolerably accurately the relation between the two and the relative 
amount of proof spirit, so that a little calculation will reduce one table into 
another if desired. In other words, if the percentage of alcohol in volume be 
multiplied by ‘8, the weight of the alcohol is given per cent. If the 
percentage of alcohol in weight is multiplied by 1°25, the volume is given. 
If the percentage volume of alcohol be multiplied by 1°76, the amount of 
proof-spirit is given, 





* It may be puzzling at first to see how this plan gives the result; but it is simple enough. 
As alcohol is lighter than water, the evaporation raises the specific gravity of the beer in pro- 
rtion to the loss of alcohol, and the gain of the beer in specific gravity from the evaporation 

is exactly equal to the depression in specific gravity which that amount of alcohol would cause 

if added to pure water equal in bulk to the beer operated upon. 

+ Some diftculty, however, occasionally arises, if the heat in evaporation is carried too far, 
icularly if the extract on the sides of the dish be charred sad ths rendered insoluble, 
n such a case the only way is, after making up to the original bulk with distilled water, to. 
shake it well up and pour it into a specific gravity bottle and weigh. With care, however, 
and slow evaporation, this difficulty may be avoided, sa 
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a vom. in Weight. Proof Sprite 
1 8 1-76 
9 16 3-54 
3 24 535 
4 39 7-00 
5 40 8-80 
6 4:8 10:56 
7 56 12°32 
8 G4 14:00 
9 7-9 15°76 

10 8-0 17°60 


5. The solids can be determined by evaporation, and the ash obtained by 
incineration ; but medical officers will seldom have occasion to do this. The 
specific gravity of the de-alcoholised beer gives a sufficient approximation. 

6. Evaporate the beer to a syrupy consistence ; it should be a pleasant 
bitter. 

The points, then, to be determined in judging of quality are—l. Taste ; 
2. Appearance ; 3. Specific gravity of de-alcoholised beer, from which we find 
the per cent. of extract ; 4. Acidity ; 5. Amount of alcohol; 6. Taste of syrupy 
extract. 


2. Adulterations of Beer.* 


1. Wauter.—Probably the most frequent adulteration ; detected by taste ; 
en amount of alcohol and specific gravity of the beer free from 

cohol. 

2. Aleohol.—Seldom added; the quantity of alcohol is large in proportion 
to the amount of extract, as determined by the specific gravity after separation 
of the alcohol. 

3. Sodium or Calcium Curbonate in order to lessen Acidity.—Neither 
adulteration can be detected without a chemical examination. Evaporate beer 
to a thick extract, then put in a retort, acidulate with sulphuric acid, and 
distil; if caleium or sodium acetate be present, acetic acid in large quantity 
will pass over. The extract always contains some acetate, but only in small 
quantity. 

Lime.—Evaporate to dryness another portion of beer, incinerate, dissolve in 
weak acetic acid, and precipitate by ammonium oxalate. In unadulterated 
beer the precipitate is moderate only. 

Excess of sodu, for some always exists in beer, is detected with much greater 
difficulty, and it will be well not to attempt this. Mulder states that the 
presence of too great a quantity of lactates may be determined by boiling the 
beer with zinc carbonate, when lactate of zinc deposits. + 

4, Sodium Chloride.—This is hardly an adulteration, unless a very large 
quantity is added.{ Take a measured quantity of the beer; evaporate to 
dryness ; incinerate; dissolve in water, and determine the chlorine by the 
standard solution of nitrate of silver. (See Analysis of Water.) 


* In his speech in the House of Lords (April 17, 1872, Times’ report), Lord Kimberley 
stated that a common adulteration is as follows:—A certain amount of beer is drawn from 
the cask of 84 gallons, and then 6 Ib of “foots” (a black coarse sugar), 4 gallon of “ finings” 
(made from skins of soles and other fish), and 12 gallons of water are put in percask. This 
beer is ready for sale in two hours, and must be drunk in two days or it goes bad. Salt and 
copperas are added by some, but the use of copperas is said not to be general. Ale and stout 
are not mixed with water, but “‘finings” are used. See page 277 for the list of deleterious 
articles scheduled in the Licensing Act. 

«+ De la Bidre (French edition), 1861, p. 258. 
. £ The Inland Revenue office allows 50 grains of sodium chloride per gallon. ' 
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_ 8. Ferrous Sulphate.—If the beer be light-coloured, a mixture of potassium 
ferricyanide and ferrocyanide (Faraday’s test) may be added at once, and will 
give a precipitate of Prussian blue ; if the beer be very dark-coloured, it must 
be decolorised by adding solution of lead subacetate and filtering. 

Or evaporate a portion of beer to dryness and incinerate; if any iron be 
present the ash is red; dissolve in weak nitric acid, and test with potassium 
ferrocyanide. Two grains of ferrous sulphate to nine gallons of water give a 
red ash (Hassall). The ash of genuine porter is always white, or greyish 
white (Hassall). 

6. Sulphuric acid is added to clarify beer, and to give it the hard flavour of 
age. If the beer be pale, add a few drops of hydrochloric acid, and test with 
barium chloride. A very dense precipitate may show that sulphuric acid has 
been added, but it must be remembered that the water used in brewing may 
contain large quantities of sulphates. (The Burton spring water is rich in 
calcium sulphate.) If there be a durge precipitate, then determine the acidity 
of the beer before and after evaporation; if the amount of fixed acid be 
found to be very large, there will be no doubt that sulphuric acid has been 
added ; or precipitate with baryta and weigh. (See Water.) 

Mulder recommends that the extract of the beer be heated, and the sulphur- 
ous acid gas which is disengaged led into chlorine water; sulphuric acid will 
be found in the chlorine water, and may be tested for as usual. 

7. Alum.—Evaporate to dryness ; incinerate, and proceed exactly as in the 
analysis of alum in bread. The substance added to give “ head ” to beer is a 
mixture of alum, salt, and ferrous sulphate. 

8. Burnt Sugar—LExssentia bina—Foots.—Evaporate beer to extract; dissolve 
in alcohol ; evaporate again to extract, and taste. According to Pappenheim, 
these substances prevent the regressive metamorphosis of the tissues, and thus 
injure health. Burnt sugar is added to porter to give colour, and the addi- 
tion is not illegal. 

9. Cupsicum—Peppers—Grains of Paradise-—Evaporate to dryness 
carefully ; dissolve in alcohol ; filter ; evaporate very carefully to dryness, and 
taste if there is any pungency. In fourteon out of twenty samples of Wlicit 
beer, Mr Phillips found that grains of paradise had been added. It is 
said that the oils of pimenta, zedoary, and ginger are sometimes added. 

10. Alocs.—The taste alone is not reliable. Dr Koehler* proposes to 
evaporate the beer. Dissolve the residue in nitric acid, when a yellowish-red 
liquid is obtained, which takes a deep blood-red colour when. treated with liq. 
potasse and glucose, or with liq. potasse and either cyanide of potassium or 
sulphide of ammonium, if aloe-resin is present. The nitric acid solution is not 
decolorised by stannous chloride; if hops only have been used, it is decolor- 
ised. 

11. Colocynth.—The residue of evaporated beer, heated with nitric acid, 
yields a yellow solution; with concentrated sulphuric acid, an intense red 
solution ; and a cherry-red colour is given with Froehde’s test (molybdate of 
sodium dissolved in sulphuric acid).f 

12. Colchicin.—A case is recorded in the Med. Times and Gazette (May 16, 
1874, p. 29) by Dr Bittern of Faaborg, in Norway, where colchicin was 
detected in some English beer, and caused symptoms of poisoning (vomiting, 
diarrhoea, burning pain in the head, stomach, &c.) 

13. Santonin.—Evaporate beer to extract ; treat with alcohol, filter, evaporate, 
and prepare the santonin as usual by boiling with lime, and precipitating by 
an acid. 





* Schmidt’s Jahrh., 1871, No. 10, p. 22. + Koehler, op. cit. 
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14. Cocculus indicus.—It is not known whether much of this is now used. 
The witnesses examined some years ago (1856) by the Committee of the 
House of Commons (Scholefield’s) all doubted it ; a large quantity of Cocculue 
indicus is, however, annually imported, and no other use is known.* In two 
instances out of twenty specimens of adulterated beer, analysed in 1863 by Mr 
Phillips, Coceulus indicus was found in large quantities. 

For the detection of Picrotoxine, Herapath recommends that the beer be 
first treated with lead acetate ; filtered ; excess of lead got rid of by sulphuretted 
hydrogen ; fluid evaporated to a small bulk, and mixed with animal charcoal. 
The charcoal absorbs the picrotoxine ; it is boiled in alcohol, and the alcohol 
is evaporated on slips of glass. The picrotoxine crystallises as plumose tufts 
of circular or oat-shaped crystals. 

Dr Langley of Michigant recommends acidulating the beer with hydrochloric 
acid and agitating with ether; the etherial solution yields on evaporation 
crystals of picrotoxine. 

A plan devised by Depaire is considered by Koehler as one of the easiest 
and at the same time the best. Mix one litre of beer with finely powdered rock 
salt: resinous and extractive matters are thrown down. Shake the liquid 
with ether; an impure picrotoxine is obtained, which can be purified. 

None of these processes will give more than 4‘,ths of the picrotoxine. 

When the crystals of picrotoxine are obtained, test them as follows :— 

(a) Rub the crystals with 3 or 4 parts of pure nitrate of potassium; add 1 
or 2 drops of strong sulphuric acid, and then an excess of strong solution of 
soda or potash. A bright reddish-yellow colour is given, if picrotoxine be 
present (Langley). 

(6) Dissolve the crystals in strong sulphuric acid ; a yellow fluid is obtained. 
Stir it with a glass rod which has been dipped in a concentrated solution of 
potassium bichromate ; a bluish violet colour is obtained (like a strychnine 
reaction), which changes soon into brown, brown green, and at last apple green. 

(c) If a good deal of picrotoxine is obtained, dissolve it in water, and put 
a small fish in the water ; the poisonous effects occur in a short time. | 

15. Strychnine or Nux Vomica.—This is a very uncommon adulteration, if 
it ever occur. Add animal charcoal to the beer ; digest for twenty-fours hours ; 
pour off beer; boil the charcoal in alcohol; filter; evaporate one-half; add a 
few drops of liquor potassz and then ether; agitate; pour off ether, and 
evaporate to dryness; test for strychnine by the colour test (sulphuric acid 
and bichromate of potash, or peroxide of lead, or manganese, or potassium 
permanganate). t 

16. Tobacco is occasionally used ; in twenty specimens of illicit beer 
examined in 1863, by Mr Phillips of the Inland Revenue department, tobacco 
was found in one, 

17. Picrie (Trinitrophenic) Acid.—Lassaigne recommends the addition of 
subacetate of lead and animal charcoal; if the beer has still a yellow colour, 
picric acid is present. But, as Mulder and Hassall observe, many beers 
destitute of picric acid remain yellow. Pohl advises to add white uncombed 
wool ; if picric acid be present, it stains it. This is an uncertain test. H. 
Brunner extracts the picric acid from the wool with hot aqueous ammonia ; 
concentrates to a small bulk, and tests with a drop of eolution of cyanide of 
potassium. A red coloration of isopurpurate of potassium will be produced if 
there be 1 part of picric acid in 500,000 of water (Hassall). 





* Itis said to be obtainable from wholesale druggists under the name of multwm, 

+ Chemical News, Sept. 6, 1862, 

¥ Other vegetable bitters are used, but their detection is difficult and uncertain, Mr Sorby. 
recommends the spectroscope for detecting calumba reot. 
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18. Copper.—Evaporate a portion of the beer to dryness ; incinerate ; 
dissolve in weak nitric acid ; test for copper by the insertion of a clean knife ; 
by addition of ammonia and of potassium ferrocyanide. 

19. Lead.—Evaporate a considerable quantity of the beer to dryness ; 
incinerate ; dissolve in weak nitric acid, and test for lead as usual. (Sco 
Analysis of Water.) 


Sus-Szotion IJ.—Winss.* 


Composition. 

The composition of wine is so various that it is: difficult to give a summary, 
The following are the chief ingredients :— 

1. Alcohol_—From 6 to 25 per cent., volume in volume, of anhydrous 
alcohol. It has been, however, stated that the fermentation of the grape, 
when properly done, cannot yield more than 17 per cent., and that any 
amount beyond this is added.t Some of the finest wines do not contain 
more than 6 to 10 per cent. 


Per cent of Alcohol 
(Volume in volume). 


Port (analysed in England), , ‘ ‘ ; » 16-62t to 23-2 

Sherry (analysed in England), . : : . 16 » 25 

Madeira (analysed in Englund), ; : : . 167 ~~ ,, 22 

Marsala (analysed in England), ; ; : » 1d 5, 20 

Bordeaux wines, red (mean of 90 determinations of 
different sorts: Chateau Lafite, Margaux, Larose, 6°85 
Barsac, St Emilion, St Estéphe, d&c.), . ; 

Bordeaux wines, white (mean of 27 determinations 11 18-7 
of sorts: Sauternes, Barsac, Bergerac, &c.), : ” 


» 13 


Rhone wines, red (Hermitage, Montpellier, ik 8:7 13-7 
tignan, &.), .  . ; — “« : re 
Rousillon, . ; ‘ ‘ . ; 11 5, 16 
Burgundy, red (Beaune, Macon), . : : 73, 14:5 
mn white (Chablis, Macon, Beaune), . ; 89 ,, 12 
Pyrennean, . ; ; : : ; ; ; 9 », 16 
Champagnes, , ; 2 oe ; ‘ 58, 13 
Moselles, . ; ; p é ; ; ; 8 » 13 
Rhine wines (Johannisberg, Hochheimer, mee 6-7 16 
heimer, &c.), ‘ : . ; : Ks 


Hungarian wine, . : ; : : : ; 91 «4, 15 
Italian, ; , : ; . ‘ , ; 95 19 
Syria, Corfu, Samos, Smyrna, Hebron, Lebanon, . 13 » 18 
So various is the amount of alcohol in wines from the same district, that a 


very general notion only can be obtained by tables, and a sample of the wine 
actually used must generally be analysed. 





* For a full account of wines, see the work by Thudichum and Dupré (Origin, Nature, and 
Use of Wine, 1872). ; 

+ Mulder (On Wine, p. 186) quotes Guijal to the effect that pure port never contains more 
than 12°75 per cent. of pure alcohol ; but Mulder doubts this. Dr Gonnan stated hefore the 
Parliamentary Committee that pure sherry never contains more than 12 per cent. of alcohol, and 
that 6 or 8 galions of brandy are added to 108 gallons of sherry. Thudichum and Dupré 
On Wine, p. 682), state that a natural wine may contain a minimum of 9, while the maximum 
imit is 16 per cent. bas weight in volume). They also state that a pipe of 115 gallons of port 
wine has never less than 8 gallons of brandy added to it, and the rich port wines have 18 to15 
gallons added. It would seem that the natural wines of Australia contain a larger quantity 
of alcohol in some instances than any European wine. 

+ Some port used in the Queen’s establishment contained only 16°62, and the highest per 
centage was 188 (Hofmann). The sherry contained only 16 a cent., and the claret 6°85 to 7 
percent, The highest percentage found by Thudichum end Dupré in port wine was 19°2 per 
cent. of weight in volume=23°4 per cent. volume in volume, 
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To tell how much pure alcohol is taken in any definite quantity of wine, 
measure the wine in ounces, multiply it by the percentage of alcohol, and 
divide by 100. sae 

x 


Example.—Wine drank being 9 oz., and the percentage 13, then —75 
= 1°17 oz. of absolute alcohol. 


The amount of alcohol can be determined by distillation or evaporation, as 
given in the section on Beer. Instruments, however, are required, which in- 
‘dicate a less specific gravity than pure water. If the medical officer has only 
a common urinometer, the only plan will be to dilute with an equal part of 
pure water at 60°, and then to add a little salt, so as to bring the specific 
gravity above that of water ; then evaporate as usual. Take the difference 
of the specific gravities (before and after evaporation) ; deduct from 1000, 
and look in the table (p. 281) for the amount of alcohol in the diluted wine ; 
by multiplying the result by 2, the percentage of alcohol in the undiluted wine 
is found. Sometimes, besides ethyl alcohol, small quantities of propyl, butyl, 
and amy] alcohols are found in wine, A little acet-aldehyde is present in some 
Greck wines (Thudichum and Dupré), but is not considered to indicate un- 
soundness. * 

2. Hthers.—CEnanthic, citric, malic, tartaric, racemic, acetic, butyric, 
caprylic, caproic, pelargonic, and many others. Dr Dupré states that there are 
25 or even more compound ethers in wine, and some of them are in very 
small quantities. The “ bouquet” of wine is partly owing to the ethers 
(especially to the volatile)—partly, it is said, to extractive matters, C&nanthic 
ether is that which gives its characteristic odour to wine. Dr Dupré has 
given a very good plan of estimating the amount of the volatile and non- 
volatile ethers, but it is too delicate for medical officers. ¢ 

3. Albuminous Matters—Ezatractine Colouring Matter.—The quantity of 
albumen is not great ; the extractives and colouring matter vary in amount. 
The colouring matter is derived from the skins ; it 1s naturally greenish or 
blue, and is made violet and then red by the free acids of wine. The bluish 
tint of some Burgundy wines is owing, according to Mulder, to the very small 
amount of acetic acid which these wines contain. It is, according to Batilliat, 
composed of two matters—rosite and purpurite. With age changes occur in 
the extractive matters ; some of it falls (apothema), especially in combination 
with tannic acid, and the wine becomes pale and less astringent. 

4, Sugar exists in varying amounts, and in the form for the most part of 
fruit sugar. Sherry generally contains sugar, but not always ; it averages 8 
grains per ounce,{ and appears to be highest in the brown sherries, and least 
in Amontillado and Mazanilla. In Madeira it varies from 6 to 66 grains per 
ounce ; in Marsala a little less ; in port, from 16 to 34 grains per ounce, being 
apparently greatest in the finest wine. In champagne it amounts to from 6 
to 28 grains, the average being about 24 grains. In the clarets, Burgundy, 
Rhine, and Moselle wines, it is absent, or in small amount. 

In determining the sugar, if the copper solution (p. 264) be used, the 
colouring matter is acted on by the alkali of the copper solution, and interferes 
with the appreciation of the change of tint, and must be got rid of by acetate 
of lead, animal charcoal, boiling, and filtering. Ifany substance exists which 
is still turned green by the alkali of the copper solution, the wine must be 
“neutralised, evaporated to dryness, and the sugar dissolved. As a rule, the 








* Tf it is present in white wires (such as Sauternes) it is a certain sign of unsoundness, 
+ Chem. Journal, Nov. 1867, and ‘‘ Origin, Nature, and Use of Wine.” 
t Bence Jones in ‘‘ Mulder on Wine,” p. 886. 
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copper solution employed directly with wine gives 4 per cent. too much sugar 
(Fehling), and a correction to this amount should be made.* 

5. Fat.—A small amount exists in some wine. 

6. Free Acids.—Wine is acid from free acids and from acid salts, as the 
bitartrate of potash. The principal acids are racemic, tartaric, acetic, malic, 
tannic (in small quantities), glucic, succinic, lactic (?), carbonic, and fatty 
acids, such as formic, butyric, or propionic. Some acids are volatile besides 
the acetic, but it does not seem quite certain what they are. The tannic acid 
is derived from the skins ; it is in greatest amount in new port wines ; it is 
trifling in Madeira and the Rhine wines ; it is present in all white and most 
red-fruit wines, except champagne. The tannic acid on keeping precipitates 
with some extractive and colouring matter (apothema of tannic acid). 

7. Salts.—The salts consist of bitartrate of potassium, tartrates of calcium 
and sodium, sulphate of potassium, a little phosphate of lime and magnesia, 
chloride of sodium, and iron. The magnesia is in larger amount than the 
lime, and exists sometimes as malate and acetate. A little manganese and 
copper have been sometimes found. In Rhine wine a little ammonia is found 
(Mulder). The total amount of salts is :1 to °3 per cent.—z.¢., about 9 to 26 
grains per pint, or 4 to 14 grain per ounce. The salts can only be detected 
by evaporation and ignition. 

8. The total solids in wine vary from 3 to 14 per cent., or in some of the 
rich liqueur-like wines to more. The specific gravity depends upon the 
amount of alcohol and of solids, and varies from ‘973 to 1:002 or more. An 
approximate notion can be formed of the total solids by taking the specific 
gravity, after driving off the alcohol by evaporation, and then replacing the 
water (see Beer, p. 278). 


EXAMINATION OF WINE. 


The quality of wine can be best determined by noting the colour, 
transparency, and taste, and then determining the following points :— 

(1.) The amount of solids as given by the specific gravity after the elimina- 
tion of the alcohol. Inthe best clarets, before the loss of alcohol, the specific 
gravity is very nearly that of water. In some claret used in the Queen’s 
establishment, and analysed by Dr Hofmann, the specific gravity was :9995?, 
In other clarets it is as low as ‘995. The low specific gravity shows that 
alcohol has been added, or that the solids are in small amvuunt. 

(2.) The amount of alcohol ; a very small amount may show the addition 
of water ; a large amount the addition of spirits. 

(3.) The amount of free acidity. This is an important point, as it'seems 
clear that some persons (especially the sick) do not readily digest a large 
amount of acid and acid salts. 

The amount is determined by the alkaline solution, as described in the sec- 
tion on Beer, or if this is not procurable, the dried carbonate of sodium can 
be used. ‘The free acidity is generally reckoned as crystallised tartaric acid 
(C,H,O,). There is both fixed and volatile acidity ; the relative amount of 
the two is difficult to determine satisfactorily, as some acid may be formed on 
distillation. The distillation should be conducted at a low temperature, so as 
not to decompose the fixed compound ethers. The volatile acidity is reckoned 
as glacial acetic, the fixed as tartaric acid. 

. The amount of free acidity varios greatly even in the same kind of wines ; the 
least acid wines are sherry, port, champagne, the best claret and Madeira ; the 





* The addition of extraneous sugar to wine may be detected by the uso of the saccharometer 
along with Fehling’s solution. . 
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more acid wines are Burgundy, Rhine wine, Moselle (Bence Jones). The 
amount of free acid in good clarets ‘is equal to 2 or 4 grains of tartaric acid 
per ounce ; in common clarets and in Beaujolais, it may be 4 to 6 grains, and 
in some extremely acid wines it may be even more than this. In the best 
champagnes it is 2 to 3 grains usually ; but it has been known to Teach im ex- 
cellent champagne 1°12 per cent., or 4°8 grains per ounce. In 

it averages 2 to 2} grains, but may reach 4 grains; in sherry 1} to 2} grains ; 
in the Rhine wines, 3} to 4 or 6 grains. Thudichum and Dupré state that in 
good sound wine the amount of free acidity ranges from ‘3 to ‘7 per cent., or 
from 1:3 to 3 grains per ounce. 

The taste of wine does not depend entirely on, but yet is very greatly in- 
fluenced by the degree of acidity. Mr Griffin ¢ states that good-tasted wine 
contains from 1°87 to 2-8 grains of crystallised tartaric acid per ounce ; that 
if it contains less than 1°87 grains it tastes flat ; that if more than 3 grains 
per ounce, the wine is too acid to be agreeable ; if more than 4°37 grains per 
ounce (1 per cent.), it is too acid to be drunk. These numbers are rather 
lower than I should have supposed. t 

(4.) The amount of sugar. The best modes of determining this have been 
already noticed. 

(5.) It may be sometimes useful to determine the amount and kind of ethers 
by fractional distillation. 

Excessive acidity of wine can be corrected by adding neutral tartrate of 
potash. Milk is also often used. The addition of the carbonated alkalies, or 
of chalk, alters the bouquet of the wine. When wine becomes stringy, in 
which case acetic and lactic acids are formed, it may be improved by adding a 
little tea ; about 1 ounce of tea boiled in 2 quarts of water should be added to 
about 40 gallons of wine. Bitter wine is treated with hard water or sulphur ; 
bad smelling wine with charcoal ; too astringent wine with gelatine ; wine 
which tastes of the cask with olive oil.§ 


Adulterations of Wine. 


1. Water.—Known by taste ; amount of alcohol ; specific gravity after 
elimination of alcobol. 

2. Distilled Spirits—Known by determining the amount of alcohol ; the 

‘normal percentage of the particular kind of wine being known. By fractional 
distillations the peculiar-smelling fusel oils may be obtained ; or merely 
rubbing some of the wine on the hand, and letting it evaporate, may enable 
the smell of these ethers to be perceived. 

3. Artificial Colouring Matters.—The following are the chief colouring 
matters, as stated by Thudichum and Dupré. Logwood is the great colouring 
material, and also blackberries, elderberries, and bilberries. There are no 
good methods of recognising these substances ; salts of lead, ammonia, and 
ammonium sulphide, alum, and potassium or ammonium carbonate, and salts 
of tin have been used as re-agents. The most useful test appears to be this : 
add to the wine about an volume of strong solution of alum ; stir well, and 
then add about an equal quantity of strong solution of ammonium carbonate ; 





* This was the case in some champagne examined by Dr Hofmann. 

+ Report on Cheap Wine, by R. Druitt, M.D., p. 178. 

{ From 13 analyses of sound ordinary port, I found the mean acidity to be 197 per ounce ; 
in some samples of sherry, 1°90; marsala, 1°5; mE claret, 3:1; in a rather sour claret, 40; 
in a sample of Montilla, a fine wine, but too acid, 3°15. (F. de C.) 

§ Wine is subject to several diseases, which, according to Pasteur, depend on different kinds 
of ferments (see Review on Hygiene in Army Medical Department Report, vol. vii. p. 840). 
By heating the wine to about 125° to 181° Fahr, these “ mycoderma” are killed, and the ‘wine 
undergoes no farther change. “ 
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the natural colouring matter of the wine when thrown down in this way has 
a@ greenish or dirty bluish-green colour, but there is no tinge of red ; logwood 
and several other abnormal colours have a distinct red or purplish tint.* 

4. Lime Salte.—The so-called “ platrage ” of wines consists in the addition 
of 1} b to 7 b of a mixture of sulphate of lime (80 parts), carbonate of lime 
(12), quicklime and sulphide and chloride of calcium (8 parts) to 1 hectolitre 
of wine. Sulphate of lime dissolves in large proportion, and then inter- 
changes with the chloride of potassium, and chloride of calcium and sulphate 
of potassium are formed. The chalk forms acetate and tartrate oflime. The 
proportion of lime salts is then ver7 large. The only precise way of detecting 
this adulteration is by evaporating to dryness, incinerating, and determining 
the amount of lime. But the following method is shorter, and will generally 
answer. The natural lime salts of wine are tartrate and sulphate ; when lime 
is added an acetate of lime is formed. Evaporate the wine to ,;th; add 
twice the bulk of strong alcohol ; the acetate of lime is dissolved, but not 
the sulphate or tartrate ; filter and test with oxalate of ammonium ; if a large 
precipitate occur, lime has probably been added. 

5. Tannin may be detected either by chloride of iron or by adding gelatine. 
But as tannin exists naturally in most of the red wines (Port, Beaune, 
Roussillon, Hermitage, &c.), the question becomes often one of quantity. 
The amount of tannin can be estimated by drying the tannogelatine (100 
grains contain 40 of tannin). 

6. Alum.—This is detected precisely in the same manner as in bread. 
Evaporate a pint of the wine to dryness; incinerate, and then proceed as 
directed in Brean. 

7. Lead.—Evaporate to dryness, and incinerate ; dissolve in dilute nitric 
acid, and test as directed under the head of Warer. 

8. Copper.—Decolorise with animal charcoal, and test at once with 
ferrocyanide of potassium. 

9. Cider and Perry.—Evaporate wine, and the peculiar smell of the liquids 
will be perceived. 

Port wine, as sold in the market, is stated to be a mixture of true Port, 
Marsala, Bordeaux, and Cape wines with brandy. Inferior kinds are still 
more highly adulterated with logwood, elderberries, catechu, prune juice, and 
a little sandalwood and alum. Receipts are given in books for all sorts of 
imitation wines. 

Svs-Srorion IlI.—Sruarrs. 


The Queen’s Regulations for the Army (1868, sec. 1010), forbid the sale of 
spirits in canteens at home, but permit it in foreign stations at the option of 
the commanding officer. 

Brandy contains, besides alcohol, cenanthic ether, acetic, butyric, and 
valerianic ethers. Tannin and colouring matter from the cask, or from 
caramel, are present. If sugar is present in any quantity, it must have been 
added. The inferior kinds of brandy, prepared from potatoes as well as grain, 
contain potato fusel-oil, Rum contains a good deal of butyric ether, to which 
the aroma is chiefly owing. Gin, besides containing the oil of juniper, is 
flavoured with various aromatic substances, as Calamus aromaticus, coriander, 
cardamoms, cinnamon, almond-cake, and orange-peel ; Cayenne is often added. 


eet 


* Mulder speaks very doubtfully of all such tests ; they seem, however, better than nothing. 
Probably the spectrum analysis will hereafter afford the best means of identification. On 
the colouring matter of wine, see Duclaux, Comptes Rendus de l’Académie des Sciences, T. 
a No. 16, April 1874, p. 1169; also, Report on Hygiene, Army Med. Reports, vol. xv. p. 


T 


290 ALCOHOLIC BEVERAGES, 


Whisky often derives a peculiar flavour from the malt being dried over peat 
fires, or by the direct impregnation of peat smoke.* 


Composition of Spirits. 
The following table gives the chief points of importance :—t 





an Acidity 
Sp. gr. at Alcohol : ? Ash Der SE nee: Sugar 
Name. "ie F per cent. pao per cent, A vescinton per cent, 
acid. 
Brandy, . . | ‘929-9384 50-60 12 | °05to 2 | 1 grain | 0 or traces 
Gin, . . . "930-°944 49-60 "2 1] 02 1 
Whisky, . . *915-°920 50-60 6 trace 0:2 0 
Rum, .. . 974-926 60-77 1 1} 05 0 


ALCOHOL AS AN ARTICLE OF Diet in Heatru. { 


In endeavouring to determine the dietetic value of alcoholic beverages, it is 
desirable to see, in the first place, what are the effects of their most important 
constituent, viz., alcohol. 

Three sets of arguments have been used in discussing this question, drawn, 
namely, from— 

1. The physiological] action of alcohol. 
2. Experience of its use or abuse. 
3. Moral considerations. 


To the last point I shall not further allude, for though I do not underrate 
the great weight of the argument drawn from the misery which the use of 
alcohol produccs,—a misery so great that it may truly be said, that if alcohol 
were unknown, half the sin and a large part of the poverty and unhappiness 
in the world would disappcar,—yet this part of the subject is so obvious that 
I do not wish to occupy space with it. To my mind, however, the arguments 
which are strongest for total abstinence are drawn from this class. Nor does 
any one entertain a moment’s doubt that the effect of intemperance in any 
alcoholic beverage is to cause premature old age, to produce or predispose to 
nunicrous diseases, and to lessen the chance of living very greatly. The table 


* It may be worth while to give the names of some of the distilled spirits used in different 
parts of the world, as the army surgeon may meet with them in the course of service : — 


Nationa by whom employed. Name, Obtained from. 
Hindus, Malays, &c., . ‘ F F Arrack. Rice or Areca-nut. 
Greeks, Turks, &c., : : , Raki. Rice. 

Hindus, , ‘ , ‘ : ; Toddy. ° Cocoa-nut. 
»»  (Mahrattas), - «  .  Bojah. Eleusine Corocana. 
» (Sikkim). . . . . #£=‘Murwa. i PA 
Chinese, é . ‘ ; : : Samshoo, Rice. 
Japanese, . . . . » . ~ Sacie. sas 
Pacific Islanders, ‘ i , : Kawa. Macropiper. 
Mexicans, .  . e .  .  Pulque. Agave. 
South Americans, . ; . , Chica. Maize. 
Tartars, es ke Je af Koumiss. Mares’ milk. 
Russians and Poles, . ‘ ih ow Vodki. Potato. 
Abyssinians, ‘ Tallah., Millet. 


+ This table is chiefly taken from Bence Jones’ Observations; Appendix to Mulder on 
Wine. p. 389; and from Hassali’s Food and Adulteration, p. 645. 
+ The subject of spirits in sickness is another point altogether. I believe they are often of 
at use, although, like every other strong medicine, they require to be given carefully. The 
ashionable plan of giving great quantities of strong spirits is happily dying out, and is being 
replaced by a more careful practice. 
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given below,* taken from Neison’s “ Vital Statistics,” puts this in ¢ strong 
light. 

The physiological argument for the use or disuse of alcohol requires to be 
used with caution, as our knowledge of the action of pure alcohol (much more 
of the alcoholic beverages) is imperfect. 

When taken into the stomach, alcohol is absorbed without alteration, or is 


Effects of intemperance, Neison’s Statistics,” p. 217, et seq. :-— 
Ratio per cent. from the under-mentioned Causes, to Deaths from all Causes. 











Conse et Dest ie SOmice. [Widows Fund Lives 
Dade ee (especially those se ee aie . 
oftheliver), . . . . k 6°240 8:37 "21°094 23°3 
Respiratory organs, . - 33°150 27843 23°676 22°98 
Total of above threc classes, . 49-100 61-896 66300 7338 





It thus appears that the intemperate have a much greater mortality from head and digestive 
diseases than other classes, 

In intemperate persons the mortality at 21-30 years of age ia five times that of the tempe- 
rate ; from 80-40 it is four times as great. It becomes gradually less. 


A Temperate person’s chance An Intemperate person’s chance 
of living is, of living is, 
At 20 = 44:2 years. At 20 = 15-6 years. 
», 30=365__,, » 30=138 ., 
», 40=28°8 ,, » 40=116 ,, 
5, 00 = 21°25 _,, » = 108 ,, 
», 60 = 14°2885 ,, » = 89 ,, 


All these deductions appear to be drawn from observations on 357 persons with 6111-5 years 
of life. The facts connected with these persons are well authenticated, but the number is small. 
The average duration of life after the commencement of the habits of intemperance is— 


Among mechanics, working and labouring men, ; ‘ ; 8 years. 
», traders, dealers, and merchants, : : : ; ; ‘3 
ofessional men and gentlemen, .  . . 5 . 15° 5, 


r 
33 
7‘ destinies, : ‘ : ‘ ‘ ; ‘ : é , 5 

Those who are intemperate on spirits have a greater mortality than those intemperate on beer. 

Those who are intemperate on spirits and beer have a slightly greater mortality than those 
intemperate on only spirits or beer, but the difference is immaterial. 

Mortality per annum. 
Spirit drinkers, : , ‘ ‘ 5°996 per cent. (nearly 60 per 1000). 
Beer drinkers, ; : : i 4‘597 per cent. (nearly 46 per 1000). 
Spirit and beer drinkers, . : , 6°194 per cent. (nearly 62 per 1000), 

Very striking evidence in favour of total abstinence, as contrasted with moderation, is 
given by the stutistics of the United Kingdom Temperance and General Provident Institu- 
tion. One section consists of abstainers, another of persons selected as not known to be intem- 
erate. The claims for five years (1860-70), anticipated in the Temperance section were 
£100,446 ; but there were actually only claims for £72,676. In the general section, the antie- 
pated claims were £196,352 ; and the actual claims were no less than £230,297. The much 
greater longevity of the abstainer is better seen by the amount of bonuses paid to each 
£1000 whole-life policy in the two sections for the same five years. 


ON ode crepe 


Bonus added in Bonus added in 





eeriperence General Section. 
£8. d. £ os. d, 
61 1 0 $510 0 
64 0 0 37 0 0 
68 10 0 40 0 0 
74 00 48 0 0 
78 19 0 46 0 0 
86 0 0 50 4 0 
9218 0 54 0 O 
104 2 0 60 18 0 
122 14 0 71 11 0 


er 








A+ every age, therefore, the abstainer has a very great advantage. Mr. Vivian, the President 
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perhaps in some small degree converted into acetic acid, possibly by the 
action of the mucus or secretion of the stomach. The rate of absorption is 
not known, and it has been supposed that when given in very large quantities 
it may not be absorbed at all. As faras I am aware, it has not, however, 
been recovered from the feces in any great amount. After absorption it 
passes into the blood and then throughout the body ; if the observations of 
Schulinus* are correct, it is equally distributed, and does not accumulate, as 
was formerly supposed, in the liver and nervous tissue. It can easily be 
detected in all the organs soon after it is taken. It commences to pass out 
from the body speedily, as it may be detected in the breath soon after it is 
taken ; it emerges by the lungs, by the skin, in smaller quantities by the 
urine, and slightly by the bowels, or this may be merely from unabsorbed 
portions passing out. The amount recoverable from all these channels is 
usually small,t but occasionally, when very large quantities have been taken, 
the kidneys excrete it largely, so that the specific gravity of the urine has 
been below that of water, and distillation has given an inflammable fluid.{ 

Much debate has taken place as to whether all or how much of the alcohol 
is thus eliminated, and whether any is destroyed in the body. The experi- 
ments of Dr Percy, and subsequently of Strauch, and especially of Masing in 
Buchheim’s laboratory at Dorpat, followed as they were by the confirmatory 
observations of MM. Perrin, Lallemand, and Duroy, seemed at one time to 
have settled the question, and to have proved that alcohol is very little or not 
at all destroyed in the body. Since then the criticisms and experiments of 
Baudot, and especially the observations of Schulinus,§ Anstie,|| Dupré, and 
Subbotin have again altered the position, and although the experimental 
evidence is incomplete (chiefly on account of the difficulty of collecting the 
amount given off by the lungs and skin), the opinion that some, and perhaps 
much, alcohol disappears in the body is generally admitted.4] 


=e 





of the Temperance and General Provident Institution, brought before the British Association 
at Bristol in 1875 the following statistics:— 


Abstinence Section. General Section. 
Expected.| Actual. | Expected.| Actual. 


TTS | A: | | EEKreaenetemee f emytemyneemeeniatyaetneeit 


1866-70 (5 years). 549 411 1008 944 


1871-74 (4 years). 561 390 994 1083 
Totals (9 years). 1110 801 2002 1977 


On the gold coast during the Ashantee War the evidence (slight as it was) was decidedly 
in favour of the teetotallers, (Parkes, On the Issue of a Spirit Ration, p. 28, 1875), ci 
i" Esko der Het eae Ps lf ae Bea hee 
xperiments on this point by Schulinus, Anstie, Dupré, Thudichum, and oth 
that ordinarily the urinary elimination is slight. When it beasties at all marked, As yea when 
it occurs atall, the detection of alcohol by potassium bichromate and sulphuric acid has been 
roposed by Anstie as an indication of the point when as much alcoho] has been taken as can 
be isposed of by the body. 
t A good case is given by Dr Woodman (Medical Mirror, July 1865). 
§ Archiv. der Heilk., 1866. 
| The ammount eliminated by these channels has b 
e amount eliminated by these channels has been variously stated. The la ‘ 
tions are by Dupré* Anstie, and Subbotin.+ According to Dupré, from esate eni on Mined? 
the amount eliminated by the urine and breath (he did not examine the skin) is only a minute 
fraction of that taken in, and it takes place chiefly in the firat nine hours; svbsequently the 
amount is excessively small. When taken day after day there is no accumulation of alcohol, so 
that the inference is, that as so little is eliminated almost all must be destroyed. Subbotin’s 
experiments were on rabbits enclosed in a closed chamber through which the air was slowly 
drawn. Like Dupré, he determined the amount by oxidising the alcohol obtained into acetic 





* Propeedings of Royal Society, No. 138, p. 268 (1872.) + Zeitschrift fiir Biol. band vil. page 361 (1872). 
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If alcohol is destroyed in the body, through what stages does it pass? The 
statement of Duchek, that it forms ‘dehyde has been disproved. te easiest 
transformation out of the body is into acetic acid; but, when animals are 
poisoned with alcohol, Buehheim and Masing could detect no acetic acid in 
the blood. ; still, the amount would be so small it might be overlooked, or the 
acetic acid might be soon transformed. Lallemand, Perrin, and Duroy could 
find no oxalic acid. If it be true that the pulmonary carbonic acid is lessened, 
it cannot be oxidised to carbonic acid and eliminated by the lungs unless the 
transformation of some other substance ordinarily furnishing carbonic acid is 
arrested. The mode of destruction is, in fact, unknown. The only point 
which throws any light upon it is the slight increase of acidity in the urine 


pean = use of alcohol, which looks as if an acid of some kind were formed 
out of it. 


Present experiments show, then, that some portion passes out, and another, 
and probably the larger portion, is gradually destroyed. The place where the 
partial destruction of alcohol occurs is yet doubtful; but it is impossible that 
the transformation takes place in the various gland-cells in which almost all, 
or all, the changes in the body take place. As the change out of the body 
which most easily occurs is the formation of acetic acid, it seems at present 
most likely that some of the alcohol is thus transformed. The acetic acid 
would then unite with the soda of the blood, and a carbonate would eventually 
be formed which would be eliminated with the urine, as is the case when 
acetates are taken.* This would account for the pulmonary carbonic acid 
not being increased. If this view be correct, the use of alcohol in nutrition 
would he limited to the effects it produces, first as alcohol, and subsequently 
as acetic acid, when it neutralises soda, and is then changed into carbonate. 


acid by chromic acid ; but he found that not inconsiderable quantities (nicht unbetrichtliche 
Mengen) were eliminated abba the lungs, and skin, and kidneys in the first five hours. Con- 
trary to Perrin, Lallemand, and Duroy, he found twice as much passed from skin and lungs as 
from the kidneys. In 11 hours he found 12-6 per cent. was eliminated, and in 24 hours 16 per 
cent., and he gives reasons for supposing that the diflieulties of the experiments (viz., the diffi- 
culty of changing all the alcohol into acetic acid ; of obtaining the alcohol from the chamber ; 
of regulating the ventilation ; and by the dimination of ohare oe at the end of the experi- 
ment, and by the limited time the experiment could be carried on) made the amount actually 
recovered far less than it should have been. Anstie has made numerous experiments on the 
urine and sweat, and always found the quantities very minute. 

With regard to the length of time the elimination goes on, Dupré found it to be finished 
within a few hours; Subbotin found that the elimination was not quite ended in 24; Perrin, 
Lallemand, and Duroy found it to go cn for 32 hours. The late Count Wollowicz and myself 
found that minute quantities could be found in the urine even on the fifth day after a large 
quantity of brandy had been taken, though the elimination by the lungs ceased much sooner. 
In some later experiments, with small quantities of beer and wine, I have found the elimina- 
tion to he finished in 24 hours. 

Lieben noticed some years ago, that a substance whieh had some of the characters of alcohol 
was found in the urine of persons and animals who had taken none. Count Wollowicz and 
myself noticed on one occasion that a substance which slightly reduced chromic acid was 
obtained from the sweat of a man who had taken no alcohol,+ though in other cases (E. Smith, 
British Medical Journal, Nov. 2, 1861) there is certainly no substance of this kind in the 
sweat. Dupré also found ip the urine asubstance farnishing acetic acid, forming iodoform, and 
having a lower specific gravity and a higher vapour tension than pure water. The amount of 
this substance is so minute that its nature cannot be perfectly made out, but Lieben considers 
it not to be alcohol, but perhaps to be derived from the odoriferous poor of the urine. 
Dupré doubts this, and my observation on the sweat shows that it can hardly be so, unless the 
same odorous substances are passing off by the skin. I doubt whether it is an invariable con- 
stituent of urine, as I could tind none in the urine of three teetotallers which I lately examined. 

* In a oe on large quantities of alcohol I found the acidity of the urine slightly in- 
creased. is would quite agree with the above view, as the union of the acetic acid or car- 
bonic acid formed from it, with some of the alkali ordinarily united to other acids, would in- 
crease the urinary acidity. The case is, of course, not parallel with that of acetate of potash 
given by themouth, which makes the urine alkaline from carbonate, as some alkali in that 
case is introduced. 


ton 


¢ Proceedings Hoyal Society, Nu, 118, p. 87 (1870). 
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The first point only (its effect as alcohol) need be considered— 


Influence of Alcohol on the Organs. 


1. On the Stomach.—In very small quantities it appears to aid digestion ; 
in larger amount it checks it, reddens the mucous membrane, and produces 
the “chronic catarrhal condition” of Wilson Fox, viz., increase of the 
connective tissue between the glands; fatty and cystic degeneration of the 
contents of the glands, and, finally, more or less atrophy and disappearance 
of these parts.* Taken habitually in large quantities, it lessens appetite. 

2. On the Liver.—The action of small quantities on the amount of bile or 
glycogenic substances, or on the other chemical conditions of the liver, is not 
known. Applied directly to the liver by injection into the portal vein, it 
increases the amount of sugar (Harley). Taken daily in large quantities, it 
causes either enlargement of the organ by producing albuminoid and fatty 
deposit, or it causes at once, or following enlargement, increase of connective 
tissue, and finally, contraction of Glisson’s capsule, and atrophy of the portal 
canals and cells, by the pressure of a shrinking exudation. The exact amount 
necessary to produce these changes in the liver and stomach has not yet been 
fixed with precision. 

3. On the Spleen.—Its action is not known. 

4. On the Lungs,-—It is said to lessen the amount of carbonic acid (and of 
watery vapour ?) in the air of expiration,t though there are some discrepancies 
in experiments with different kinds of spirits. Ef. Smith, for example, found 
the expired carbonic acid lessened by brandy and gin, but increased by rum. 
It is very important these experiments should be repeated, but they show, at 
any rate, that the usual effect is not to increase the carbonic acid.{ In large 
quantities habitually taken it also alters the molecular constitution of the 
lungs, as chronic bronchitis and lobar emphysema are certainly more common 
in those who take much alcohol. 

5. On the Heart and Blood-Vessels,—Alcohol in healthy persons at first 
increases the force and the quickness of the heart's action. Dr Anstie § 
has lately confirmed this opinion by careful sphygmographic observations ; 
these effects are still more marked in febrile diseases if alcohol acts favourably 
(in some febrile cases it appears, from Anstie’s observations, not to increase 
the power of the heart). In a healthy man I found that brandy || augmented 
the rapidity of the pulse 13 per cent., and the force was also increased ; taking 
the usual estimate of the heart’s work, its daily excess of work, with 4°8 fluid 
ounces of absolute alcohol, was equal to 15°8 tons lifted one foot. With 
claret the results were almost identical. The period of rest of the heart was 


* These changes are now considered by Wilson Fox to be closely allied with those occurring 
in cirrhosis of the liver, and in the contracted and indurated kidney. Dr Fox informs me that 
the association of those conditions in these organs “has been before him with remarkable tre- 
quency.” See Diseases of the Stomach, 3d edition, p. 125, footnote ; and also Reynold’s System 
of Medicine, vol. ii. p. 869, and footnote. 

+ The effect of red and white French wines and of beer has been very carefully examined by 
Perrin (Rec. de Mém. de Méd. Mil. 1865, PB. 82); a wat | great diminution in the amount of 
carbonic acid (from 5°6 to 22 per cent. less being exereted) was noticed in all the experiments. 
The effect commenced soon, and reached its maximum in the third hour, and ceased in two 
hours more. The pulse after meals with and without wine had equal power, but after a time 
the pulse fell more when wine was not taken. 

+ See Binz Journal of Anatomy and Physiology, May 1874. 

g Ina paper read before the British Association in 1868 (Medical Times andj Gazette, Sep- 
tember 1868). This paper shows that the sphygmographic indications (combined with the 
urinary test) may give us a clue to the often difficult question, whether alcohol is doing good 
or harm in disease. 

| See Pepats by Count Wollowics ahd myself in Peogeedings Royal poceey, No. 120 and 
182; and another paper hy myself, No. 136, for the effect of alcohol on the heart during exercise, 


INFLUENCE OF ALCOHOL IN THE ‘ORGANS. 298° 


shortened, and its nutrition must therefore have been interfered with. In 
another man I found from 4 to 8 ounces of brandy produced palpitation and 
breathlessness. Alcohol causes evident dilatation of the superticial vessels, as 
shown by the redness and flushing of the skin; and in my experiments 
sphygmographic observations also proved that the arteries dilated more casily 
before the fuller current thrown out by the strongly acting heart. If it were 
not for this yielding of the vessels (produced perhaps by paralysis of the vaso- 
motor nerves) alcohol would be a most dangerous agent, as either the strong 
wave would break the vessel, or the heart would not be properly emptied of 
the blood during the contraction. It seems to me that there must be danger 
in the use of alcohol when the arteries become rigid in advancing life, if the 
heart is then susceptible to the action of alcohol. Eventually the vessels of 
the surface pass into a state of permanent slight enlargement and turgescence ; 
the skin alters in appearance ; and, owing to this, persons who take much 
alcohol soon get the appearance of age. In some diseases, alcohol is said to 
lessen the frequency of the heart’s action ; and Anstie found it increase arterial 
tension. In such cases therg must be peculiar nervous conditions with which 
we are unacquainted. As far as my own observations go, I have found it 
usually, if not always, increases the frequency of the heart in disease, and in 
some patients the rapidity of the heart’s action has been simply owing to the 
administration of alcohol. Anstic believes its principal action is on the 
sympathetic nerve, and the vascular phenomena seem to strengthen this view, 
while others think it acts especially on the vagus and the heart alone. 

6. On the Blood.—The amount of fat is either increased, or it is more 
visible. The chemical changes in the blood are partially arrested.* 

7. On the Nervous System.—In most persons it acts at once as an 
anesthetic, and lessens also the rapidity of impressions, the power of thought, 
and the perfection of the senses. In other cases it seems to cause ‘increased 
rapidity of thought, and excites imagination, but even here the power of con- 
trol over a train of thought is lessened. In no case does it seem to increase 
accuracy of sight ; nor is there any good evidence that it quickens hearing, 
taste, smell, or touch ; indeed, Edward Smith’s experiments show that it 
diminishes all the senses. In almost all cases moderate quantities cause a fecl- 
ing of comfort and exhilaration, which ensues so quickly as to make 
it probable the local action on the nerves of the stomach has at first something 
to do with this. Afterwards the increased action of the beart may have an 
effect. Different spirits act differently on the nervous system, owing probably 
to the presence of the ethers and oils ; some, as samshoof and raki, produce 
great excitement, followed by profound torpor and depression. Absinthe is 
also especially hurtful, apparently from the presence of the essential oils of 
anise, wormwood, and angelica, as well as from the large amount of alcohol. 
It appears that the properties of absinthe are somewhat different according to 
the manner in which water is mixed with it, ¢.¢., suddenly or slowly ; in the 
latter case the particles of the absinthe are more divided, are absorbed more 


* Harley. Proceedings of Royal Soc., March 1865. No. 62, p. 160. 

+ I was very desirous of ascertaining the exact composition of Chinese Samshoo, and Dr Dupré 
was so kind as to analyse for me a specimen of the best Samshoo from sige fet It contained 
in 100 O0.C. 28-91 per cent. of alcoho! by weight, and this was made up of 23°874 parts of rs 
alcohol, and ‘036 parts of amylic alcohol ; the amount of free acid (almost all acetic) was *105 ; 
of residue (sugar almost entirely), 6°01, and of ash, °06 per cent. Cheap Samshoo gave nearly 
the same result. There seems to be nothing deleterious here; and from inquiries among 
soldiers who have served at Hongkong, I am led to doubt whether good Samshoo does produce 
the effects ascribed to it. I suspect it is the adulterated (with opium, &c.) article which acts 
ao violently. The Cape brandy is of two kinds—the Cape and the Boer brandy ; the latter is 
atronger, and is sometimes called peach brandy ; this appears to be the hurtful kind. 
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easily, and produce greater effects. In all these cases there can be little 
doubt that alcohol enters into temporary combination with the nervous struc- 
ture ; and the evidence from the impairment of special sense and muscular 
power, implies that it interferes with the movements of the nervous currents. 

8. On the Muscular System.—Voluntary muscular power seems to be 
lessened, and this is most marked when a large amount of alcohol is taken at 
ence ; the finer combined movements are less perfectly made. Whether this 
is by direct action on the muscular fibres, or by the influence on the nerves, 
is not certain. In very large doses it paralyses either the respiratory muscles, 
or the nerves supplying them, and death sometimes occurs from the impair- 
ment to respiration. 

9. On the Metamorphosis of Tissue.—This is usually stated to be lessened, 
and it has been said that there is a diminution in the elimination of nitrogen 
(as urea), and of carbon (as carbonic acid). But the experiments already 
referred to by Count Wollowicz and myself* prove that the metamorphosis of 
the nitrogenous tissues is im no way interfered with by dietetic doses. 
Whether the carbonic acid excretion is really lessened may be also questioned. 

10. On the Temperature of the Body.—When alcohol is given to healthy 
animals in full but not excessive doses, the temperature of the body falls. 
This seems to be shown conclusively by the experiments of Ringer and 
Rickards, Richardson, Binz, Cuny-Bouvier, and Ruge. In healthy men who 
have been accustomed to take alcohol in moderate quantities the results are 
rather contradictory. In a man accustomed to alcohol, Ringer found no 
change ; in two men, temperate, but accustomed to take beer and sometimes 
spirits, I could not detect any raising or lowering of the thermometer either 
in the axilla or rectum.¢ Dr Mainzer found no fall of temperature? in trials 
on himself, but a slight fall in another healthy person. Some experiments by 
Obernier§ and by Fokker|| are also quite negative. On the other hand, Ringer, 
Binz, and Bouvier noticed in some healthy persons a decrease of temperature ; 
and though some of the experiments are evidently rather inaccurate, and 
though the fall of temperature was inconsiderable, it is difficult to refuse belief 
that in some cases there may be a slight depression of temperature.{] 

In febrile cases the evidence is almost equally divided. In aman on whom 
T was experimenting, an attack of catarrh came on with rise of temperature, 
and alcohol did not apparently in the least affect the heat. O. Weber, 
Obernier, and Rabow were equally unsuccessful in noting a fall in temperature, 
Binz and C. Bouvier** have, however, produced septic fever in animals, and 
then lowered the febrile heat by large doses of alcohol, in what appears to 
have been an unmistakable manner, in several cases. 

We may conclude that the effect of moderate doses on temperature in 
healthy men is extremely slight ; there is no increase, and in many persons no 
decrease. In those in whom there is a slight decrease, the amount is trifling. 

11. On the Action of the Eliminating Organs.—The water of the urine and 
the acidity are slightly increased ; other ingredients were found in my experi- 


. ar Royal Society, Nos. 120-123 and 136. 
id. 


Ueber die Hinwirkung des Alkohols, Inau. Diss. Bonn., 1870. 
Archiv fiir die ges. Phys. band ii. p. 494. 
Quoted by Husemann, Jahresb. fiir die ges, Med. 1871, band i. p. 324. 
Binz (loc, ctt.) finds that small (dietetic anaes produce no —: large inebriating doses 
ck & fall from 8°°5 to 5° F., lasting for four or five bours, bit, owever, produces 
olerance. In the body, after death, the temperature often rises, but if aicohol fas been 
administered previously it does not do so ;—hence Bing concludes that the effect is arrest of 
chemical changes in the glands. 
** See especially Pharmakologische Studien iiber den Alkohol, von C, Bouvier, Berlin, 1872, 
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ments to be unaffected, and I cannot but doubt the statements to the contrary. 
The condition of the skin is not certain. Dr E, Smith thought the perspira- 
tion lessened, but Weyrich noticed, after spirits, beer, and wine, a large in- 
crease in the insensible cutaneous perspiration ; and the enlargement of the 
vessels of the skin would probably lead to increased transit of fluid. 

12. Remote Effects of Alcohol.—The degenerative changes which occur so 
frequently in the stomach, liver, and other organs, by the constant introduc- 
tion of improper quantities of alcohol into the body,* affect also almost all 
parts of the body. The brain and its membranes, and its vessels, suffer early 
and principally ; and Kremianskyt+ has produced hxwmorrhagic meningitis, and 
pathological changes in the brain-vessels and membranes in dogs by giving 
them alcohol.t There is no question that several brain diseases, including 
some cases of insanity, are produced by excess of alcohol.§ So, also, 
degenerative changes in the stomach, liver, lungs, and probably in the kidneys,|| 
result from immoderate use. To use Dickinson’s expressive phrase, alcohol is 
the very “genius of degeneration.” And these alcoholic degenerations are 
certainly not confined to the notoriously intemperate. I have seen them in 
women accustomed to take wine in quantities not excessive, and who would 
have been shocked at the imputation that they were taking too much, although 
in their case the result proved that for them it was excess. The nature of 
the degenerative changes appear to be in all cases the same—viz., fibroid and 
fatty changes. 

Considering, also, the great increase in the action of the heart, and the 
dilatation of the vessels, it can scarcely be doubted that alcohol in excess is 
one of the agencies causing disease of the circulatory organs. 


Is Alcohol desirable as an Article of Diet in Health ? 


This question is so large and difficult that a satisfactory answer can hardly 
be given with our present knowledge. The data for passing a judgment are 
partly physiological, but still more largely empirical. 

The obvious useful physiological actions of alcohol are an improvement in 
appetite, produced by small quantities, and an increased activity of the 
circulation, which, within certain limits, may be beneficial. It is difficult to 
perceive proof at present of any other useful dction, since it is uncertain 
whether, during its partial destruction in the system, it gives rise to energy. In 
cases of disease, in addition to its effect on digestion and circulation, its 
narcotising influence on the nervous system may be sometimes useful. Beale 
suggests that it may restrain the rapidity of abnormal growth or development 
of multiplying cells, and that by such arrest it may possibly diminish bodily 
temperature ; but proof of this has not been given. 

The dangerous physiological actions in health, when its quantity is larger, 
are evidently its influence on the nervous system generally, and on the 
regulating nerve-centres of the heart, and vaso-motor nerves in particular ; 





* A very striking paper on this subject has been lately published by Dickinson; Lancet, 
November 1872. ft paints, in ae colours, the immense degenerative power of alcohol. 
+ Virchow’s Archiv, band xlii. P 338. 
See also the experiments by Magnan (Sur sonata 
; states the two terminations of chronic alcoholism to be dementia and general 


S48. 

|| Anstie and Dickinson have lately denied that the kidneys suffer in alcoholism in any great 

. Itis an open question ; but the evidence is, I think, in favour of kidney degeneration 

being one of the effects of alcoholism. My friend, Dr George Johnson, informs me that out of 

a rere with ep iecbael er ar pale causes, he foun ae leas than 58 eon sie 
is influence is pro a ysing agency, arising from a di ) ansi 

union of the alcohol with the nervous substance. Richardson has made the very important 
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npeimmbbuiat appetite. produced by:lange doses, the lessening of muscular 
treigth, and remotely pr gee ction ‘of degenerations. _ Except “when, it 
essehs appetite, it does not alter the transformation of the nitrogenous tissues, 
and ee aigintica of nitrogen ; nor can it be held to be absolutely proved to 
lessen the excretion of carbon. If it did so, this effect in health would be 
simply injurious. a 

. It is e matter of the highest importance to determine when the limit of the 
useful effect of alcohol is reached. The experiments are few in number, but 
are tolerably accurate. From experiments made by Dr Anstie, an amount of 
one fluid ounce and a half (42°6 C.C.) caused the appearance of alcohol in the 
urine, which Anstie regards as a sign that as much has been taken as can be 
disposed of by the body. The late Count Wollowicz and myself obtained 
almost precisely the same result, When only one fluid ounce of absolute 
alcohol was given none could be detected in the urine. We found that in a 
strong healthy man, accustomed to alcohol in moderation, the quantity given 
in twenty-four hours that begins to produce effects which can be considered 
injurious is something between one fluid ounce (=28°4 C.C.) and two fluid 
ounces (56°8 C.C.) The effects which can then be detected are slight, but 
evident narcosis, lessening of appetite, increased rapidity of rise in the action 
of the heart, greater dilatation of the small vessels as estimated by the 
sphygmograph, and the appearance of alcohol in the urine. These effects 
manifestly mark the entrance of that stage in the greater degrees of which the 
poisonous effects of alcohol become manifest to all. 

It may be considered, then, that the limit of the useful effect is produced 
by some quantity between 1 and 14 fluid ounces in twenty-four hours. ‘There 
may be persons whose bodies can dispose of larger quantities; but as my 
experiments were made on two powerful healthy men, accustomed to take 
alcohol, the average amount was more likely to be over than under stated. In 
women, the amount required to produce decided bad effects must, in all pro- 
bability, be less. For children there is an almost universal consent that 
alcohol is injurious, and the very small quantity which produces symptoms of 
intoxication in them indicates that they absorb it rapidly and tolerate it 
badly. 

Assuming the correctness of these experimental data, which, though not 
extensive, are yet apparently exact, it is evident that moderation must be 
something below the quantities mentioned; and considering the dangers of 
taking excess of alcohol, it seems wisest to assume 1 to 1} fluid ounces of 
absolute alcohol in twenty-four hours as the maximum amount which a 
healthy man should take. It must be admitted that this is provisional, and 
that more experiments are necessary ; but it is based on the only safe data we 
possess. One ounce js equivalent to 2 fluid ounces of brandy (containing 50 
per cent. of alcohol) or to 5 ounces of the strong wines (sherries, &c., 20 per 
cent. of alcohol) ; or to 10 ounces of the weaker wines (clarets and hocks, 10 
per cent. of alcohol); or to 20 ounces of beer (5 per cent. of alcohol.) If 
these quantities are increased one-half, 14 ounce of absolute alcohol will be 
taken, and the limit of moderation for strong men is reached. I believe that 
this standard is fairly correct; since, from inquiries of many healthy men 
who take alcohol in moderation, I find that they seldom exceed the above 
amounts. Women, no doubt, ought to take less; and alcohol in any shape 
only does harm to healthy children. 









6 





discovery that the alcohols, such as the butyl, amyl, and hexyl alcohols, which contain more 
carbon, produce a much greater effect on the nervous system than methyl and ethyl alcohol, 
There are greater muscular tremors and stupor, and these effects increase regularly with the 
increase of carbon and lessening volatility. . 
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‘ Another question now arises, t6 which it ix more ‘difficult to reply.. : 
alcohol, even in thie moderate amount, necessary or desirable ; are men really. 
better and more vigorous, and longer lived with it than they would be with- 
out any alcohol? If distinctly hurtful in large quantities, is it not 80 in these 
smaller amounts ? 

_ There is no difficulty in proving, statistically, the vast loss of health and 
life caused by intemperance; and the remarkable facts of the Provident 
Institution (see page 291) show the great advantage total abstainers have 
over those who, though not intemperate, use alcohol more freely. But it is 
almost a are at present, to compare the health of teetotallers with those 
who use alcohol in the moderate scale given above. In both classes are found 
men in the highest health, and with the greatest vigour of mind and body ; in 
both are to be found men of the most advanced age. If the question is looked 
at simply as a scientific one, I do not see how an answer can be at present 
given. Failing, as it appears to me, in accurate information on this point, 
the usual arguments for and against the use of alcohol cannot be held to 
settle the point. These are— 

(a) That the universality of the habit of using some intoxicating drink 
proves utility, This seems incorrect,* since whole nations (Mohammedan 
and Hindos) use no alcohol or substitute ; and since the same argument might 
prove the necessity of tobacco, which for this generation, at any rate, is clearly 
only a luxury. The wide-spread habit of taking intoxicating liquids merely 
proves that they are pleasant. 

(v) That if not necessary in healthy modes of life, alcohol is so in our 
artificial state of existence amid the pressure and conflict of modern society. 
This argument is very questionable, for some of our hardest workers and 
thinkers take no alcohol. There are also thousands of persons engaged in the 
most anxious and incessant occupations who are total abstainers, and, accord- 
ing to their own account, with decided benefit. 
 (c) That though it may not be necessary for perfectly healthy persons, 
alcohol is so for the large class of people who live on the confines of health, 
whose digestion is feeble, circulation languid, and nervous system too 
excitable. It must be allowed, 1 think, there are some persons of this class 
who are benefited by alcohol in small quantities, and chiefly in the form of 
beer or light wine. Unless these persons wifully deceive themselves, they 
feel better and are better with a little alcohol. 

(d) That common experience on the largest scale shows that alcohol in not 
excessive quantities cannot be an agent of harm ; that it is and has been used 
by millions of persons who appear to suffer no injury, but to be in many cases 
benefited, and therefore that it must be in some way a valuable adjunct to 
food. A grand fact of this kind must, it is contended, override all objections 
based on physiological data, which are confessedly incomplete, and which may 
have left undiscovered some special useful action. It must be admitted that 
this is a very strong argument, and that it seems incredible that a large part 
of the human race should have fallen into an error so gigantic as that of 
attributing great dietetic value to an agent which is of little use in small 
quantities, and is hurtful in large. At first sight the common sense of man- 
kind revolts at such a supposition, but the argument, though strong, is not 
conclusive ; and unfortunately we know that in human affairs no extension of 
belief, however wide, is per se evidence of truth. 

(ce) That though a man can do without alcohol under ordinary circum- 





* Most nations, however, if not all, use some sedative, which may be considered to take 
the place of alcohol. (F.deC.)  . ; 
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stances, there are certain conditjons when it is useful. It will be necessary to 
see, then, what is the evidence on this point. 


Evidence on the Use of Alcohol under certain eonditions.* 

Great Cold.—There is singular unanimity of opinion on this point; all 
observers condemn the use of spirits, and even of wine or beer, as a preven- 
tive against cold. In the Arctic regions we have on this head the evidence 
of Sir John Richardson, Mr Goodsir (in Sir J. Franklin’s first voyage), Dr 
King, Captain Kennedy (in the last search for Sir J. Franklin, when the 
whole crew were teetotallers), Dr Kae, Dr Kane, Dr Hayes (surgeon of the 
Kane expedition), and others. Dr Hayes, indeed, says in his last paper 
(1859), that he will not only not use spirits, but will take no man accustomed 
to use them ; and that if “imperious necessity obliges him to give spirits, he 
will give them in small doses frequently, as the excitant action is followed by 
a very dangerous depression.”¢ In the Antarctic regions, and in the cold 
whaling grounds, we have the strong evidence of Dr Hooker to the same 
purport, and the customs of the many teetotal whalers. Ulloa long ago 
noticed the same thing in the ascent of Pichincha.{ In North America, the 
Hudson’s Bay Company entirely excluded spirits, partly, no doubt, to prevent 
their use among the Indians, but partly, in all probability, from experience of 
their inutility. Dr Carpenter quotes from Dr Kniill a statement that the 
Russian army on the march in cold weather not only use no spirits, but no 
man who has lately taken any is allowed to march. The guides at Chamouni 
and the Oberland, when out in the winter, have invariably found spirits 
hurtful; they take only a little light wine (Forbes), The bathing men at 
Dieppe, who are much exposed to cold from long standing in the sea, also find 
that spirits are hurtful, and take only a little weak wine (Levy). 

Great Heat.—The evidence here also is almost equally conclusive against 
the use of spirits or beverages containizig much alcohol. Dr Carpenter has 
assembled the most conclusive testimony from India, Brazil, Borneo, Africa, 
and Demerara. The best authorities on tropical diseases speak as strongly ; 
Robert Jackson, Ranald Martin, Henry Marshall, and many others. It seems 
quite certain, also, that not only is heat less well borne, but that insolation is 
predisposed to. 

The common notion that some form of alcoholic beverage is necessary in 
tropical climates is, I firmly believe, a mischievous delusion. I brought to 
Dr Carpenter's notice the case of the 84th Regiment, in which I formerly 
served, which from the years 1842 to 1850 numbered many teetotallers (at 
one time more than 400) in its ranks; and the records of this regiment show 
that, both on common tropical service and on marches in India, the teetotallers 
were more healthy, more vigorous, and far better soldiers than those who did 
not abstain. The experience of almost every hunter in India will be in 
accordance with this. 


* I have borrowed largely from Carpenter’s admirable Essay on seperate: and his other 
writings, and also from Spencer Thomson’s useful work on the same subject, as well as from 
many other writers. 

+ Some Arctic voyagers, however, are strongly impressed with the value of rum under 
certain circumstances (Admiral Richards). The experience of the expedition of 1875-6 seems 
to have shown that it was partially useful given the last thing at night, as enabling the men 
to off their frozen clothing, but it had no effect in warding off scurvy. Binz says that 
ane) ol hat be useful in damp and cold, because the tissue change is greater, and we can thus 
moderate it. 

$~ He says (Adams’ translation, 1807, vol. i. at 9), ‘‘at first we imagined that drinking 
strong liquors would diffuse a heat through the , and consequently render it less sensible 
of the painful sharpness of the cold ; but to our surprise we felt no manner of strength in them, 
nor were they any greater preventative against the cold than common water.” 

§ See Carpenter's Physiology of Temperance for full details. The officers, who by their 
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On this point the greatest army surgeons have spoken strongly (Jackson 
especially, and Martin); and yet nothing is mors common, even at the 
present day, than to hear officers, both in India and the West Indies, assert 
that the climate requires alcohol. These are precisely the climates where 
alcohol is most hurtful.* 

With regard to service and exercise in the tropics, we have the strong testi- 
mony of Ranald Martin that warm tea is the best beverage ; and this will be 
corroborated, I believe, by every one who has made long marches, or hunting 
rua in India, and has carefully observed what kind of diet best suited 

m. 
To cite a well-known individual instance of great exertion in a hot climate, 
Robert Jackson marched 118 miles in Jamaica, carrying a load equal to a 
soldier's, and decided that “ the English soldier may be rendered capable of 
going through the severest military service in the West Indies ; and that 
temperance will be one of the best means of enabling him to perform his duty 
with safety and effect. The use of ardent spirits is not necessary to enable a 
European to undergo the fatigue of marching in a climate whose mean tempera- 
ture is from 73° to 80°. I have always found the strongest liquors the most 
enervating.” 

Bodily Labour.—A small quantity of alcohol does not seem to produce 
much effect, but more than two fluid ounces manifestly lessens the power of 
sustained and strong muscular work. In the case of aman on whom I experi- 
mented, 4 fluid ounces of brandy (=1°8 fluid ounces of absolute alcohol) did 
not apparently affect labour, though I cannot affirm it did not do so ; but 4 
ounces more given after four hours, when there must have been some elimina- 
tion, lessened muscular force ; and a third 4 ounces, given four hours after- 
wards, entirely destroyed the power of work. The reason was evidently two- 
fold. There was, in the first place, narcosis and blunting of the nervous 
system—the will did not properly send its commands to the muscles, or the 
muscles did not respond to the will; and secondly, the action of the heart was 
too much increased, and induced palpitation and breathlessness, which put a 
stop to labour. The inferences were, that even any amount of alcohol, 
although it did not produce symptoms of narcosis, would act injuriously by 
increasing unnecessarily the action of the heart, which the labour alone had 
sufficiently augmented.t I believe these experiments are in accord with com- 
mon experience, which shows that men engaged in very hard labour, as iron- 
puddlers, glass-blowers, navvies on piece-work, and prize-fighters during train- 
ing, do their work more easily without alcohol. 





example and precept, produced this great effect in a regiment in India, and proved that men are 
healthier and happier in India without any alcoholic beverage, were Lieut-Colonel Willington, 
Captain (now General Sir David) Russell, and Lieut. and Adjutant Seymour, an officer 
of the greatest promise, who died from dysentery, contracted during the mutiny. 

* Binz holds that in hot climates, or in hot weather, it is pernicious, as interfering with the 
tissue change, which is already insufficient. 

+ In experimenting on another healthy man I came to the following interesting result. The 
exercise and diet: being uniform during a period of ten days, the mean daily pulse (nine two- 
hourly observations) was 70°65. Severe exercise being then taken during another period 
of ten days for two hours in the morning, in addition to what had previously been taken, the 

ulse in those two hours was augmented 16 beats per minute over the pea i aes period ; 
it fell, however, in the subsequent hours below the mean of the corresponding period, so that 
the mean pulse of the day was 70°42 per minute, the same as in the ten days’ period before the 
additional exercise. The heart, in fact, completely compensated itself, and the work done 
by it was the same on days of moderate and of severe exercise. Now alcohol would have 
disturbed this adjustment, and would have kept the heart beating more rapidly than it should 
do. The compensation would not have been produced. In more recent experiments, in which 
pas effects of rum, meat extract, eal sige ae wien ds —_ that virpeens la 

one least easily with rum, the stimulant e passing quickly off, and leaving the man ess 
ae to ert the work before him. (On the Issue of a Spirit Ration in the Ashanti Campaign, 
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_, ha Bho exkatiition following great fatigue, alcohol may be neefal ox hurtful 
asoording to dircumetances. - If exertion must be resumed, then the action of 
the ‘heart can be increased by alcohol and more blood sent to the muscles ; of 
course, this must be done at the expense of the heart’s nutrition, but ciroum- 
stances may demand this. In the case of an army, for example, called on to 
engage the enemy after a fatiguing march, alcohol might be invigorating. But 
the amount must be small, t.¢., much short of producing narcosis (not more 
than } fluid ounce of absolute alcohol), and, if possible, it should be mixed 
with Liebig’s meat extract, which, perhaps on account of its potash salts, has 
a great power of removing the sense of fatigue. aise 

. About two ounces of red claret wine with two teaspoonfuls of Liebig’s ex- 
tract and half pint of water is a very reviving dtatght, and if it could be 
issued to troops exhausted by fatigue, would prove a most useful ally. 

But when renewed exertion is not necessary it would appear most proper 
after great fatigue to let the heart and muscles recruit themselves by rest ; to 
give digestible food, but to avoid unnecessary and probably hurtful quickening 
of the heart by alcohol. 

Mental Work.—In spite of much large experience, it is uncertain whether 
alcohol really increases mental power. The brain circulation is no doubt aug- 
mented in rapidity ; the nervous tissues must receive more nutriment, and for 
a time must work more strongly. Ideas and images may be more plentifully 
produced, but it is a question whether the power of clear, consecutive, and 
continuous reasoning is not always lessened. In cases of great exhaustion of 
the nervous system, as when food has been withheld for many hours and the 
mind begins to work feebly, alcohol revives mental power greatly, probably 
from the augmented circulation. But, on the whole, it seems questionable 
es the brain finds in alcohol a food which by itself can aid in mental 
work. 

Deficiency of Food.—When there is want of food, it is generally considered 
that alcohol has a sustaining force, and possibly it acts partly by keeping up 
the action of the heart, and partly by deadening the susceptibility of the 
nerves. It was formerly supposed that it lessened tissue-change, and thus 
curtailed the waste of the body ; but this is not true of the nitrogenous 
tissues, and is not yet quite certain in respect of the carbonaceous. It seems 
unlikely that alcohol would be applied differently during starvation and during 
usual feeding. 

Cases are recorded in which persons have lived for long periods on almost 
nothing but wine and spirits. In most cases, however, some food has been 
taken, and sometimes more than was supposed, and in all instances there has 
been great quietude of mind and body. It seems very doubtful whether in 
any case nothing but alcohol has been taken ; and, in fact, we may fairly de- 
mand more exact data before weight can be given to this statement. 

The Exposures and Exertions of War.—On this point, also, there is con- 
siderable unanimity of opinion. The greatest fatigues, both in hot and cold 
climates, have been well borne—have been, indeed, best borne—by men who 
took no alcohol in any shape, and some instances may be quoted. 

In the American War of Independence in 1783, Lord Cornwallis made a 
march of over 2000 miles in Virginia, under the most trying circumstances of 
exposure to cold and wet ; yet the men were remarkably healthy, and among 
the causes for this health, Chisholm states that the necessary abstinence from 
strong liquors was one. 

In 1794-95 occurred the Maroon warin Jamaica, where almost for the first 
time in West Indian warfare the troops were remarkably healthy, though the 
campaign was very arduous, and in the rainy season, and there were no tents. 
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ofthe hills (2000 feet abo wea); bat it wae chiefly attributed to the fact: 
that the men could obtain no spirits or alcoholic liquid of any kind. 

In 1800, an English army proceeding from India to Egypt, to join Sir Ralph 
Abercromby, marched across the desert, from Kossier on the Red Sea, and 
descended the Nile for 400 miles, Sir James M‘Grigor* says that the fatigue 
in ard march has perhaps never been exceeded by any army, and goes on to 
temark— 


‘We received still farther confirmation of the very great influence which intemperance 
has as a cause of disease. We had demonstration how very little spirits are required in 
a hot climate to enable a soldier to bear fatigue, and how necessary a regular diet is. 

‘* At Ghenné, and on the voyage down rhs Nile (on account of the difficulties of at 
first conveying it across the desert, the men had no spirits delivered out to them, and I 
am convinced that from this not only did they not suffer, but that it even contributed 
to the uncommon degree of health which they at this time enjoyed. From two boats the 
soldiers one day strayed into a village, where the Arabs gave them as much of the spirit 
which they distil from the juice of the date-tres as induced a kind of furious delirium. 
It was remarked that, for three months after, a considerable number of these men were 
in the hospitals,” 


Dr Mann,f one of the few American surgeons in the war of 1813~14 who 
have left any account of that contest, thus writes :— 


‘* My opinion has long been that ardent spirits are an unnecessary part of a ration. 
Examples may be furnished to demonstrate that ardent spirits are a useless part of a 
soldier's ration. At those periods during the revolutionary war, when the army received 
no pay for their services, and possessed not the means to procure spirits, it was healthy. 
The 4th Massachusetts Regiment, at that eventful period when I was the surgeon, lost 
in three years by sickness not more than five or six men. It was at atime when the 
army was destitute of money. During the wiuter 1779-80 thore was only one occurrence 
of fever in the regiment, and that was a pneumonia of a mild form. It was observable 
in the last war, from December 1814 to April 1815, the soldiers at Plattsburgh were not 
attacked with fevers as they had been the preceding winters. The troops during this 
period were not paid—a fortunate circumstance to the army, arising from want of funds. 
This embarrassment, which was considered a national calamity, proved a blessing to the 
soldier. When he is found poor in money, it is always the case that he abounds in 
health—a fact worth recording.” 


No testimony can be stronger than that given by the late Inspector-General 
Sir John Hall, K.C.B. He says} :— 


‘‘ My opinion is, that neither spirit, wine, nor malt liquor is necessary for health. The 
healthiest army I ever served with had not a single drop of any of them; and although 
it was exposed to all the hardships of Kaffir warfare at the Cape of Good Hope, in wet and 
inclement weather, without tents or shelter of any kind, the sick-list seldum exceeded 
one per cent.; and this continued not only throughout the whole of the active operations 
in the field during the campaign, but after the men were collected in standing camps at 
its termination ; and this favourable state of things continued until the termination of 
the war. But immediately the men were again quartered in towns and fixed posts, where 
they had free access to spirits, an inferior species of brandy sold there, technically 
called ‘ Cape Smoke,’ numerous complaints made their appearance among them. 

**In Katraria the troops were so placed that they had no means of obtaining liquor of 
any kind; and all attempts of the ‘ Winklers’ to infringe the police regulations were 
go summarily and heavily punished by fines and expulsion, that the illicit trade was 
effectually suppressed by Colonel Mackinnon, the Commandant of British Kaffraria ; and 
the consequence was, that drunkenness, disease, crime, and insubordination were 
unknown; and yet that army was frequently placed in the very position that the 
advocates for the issue of spirits would have said required a dram. 

‘Small as the amount of sickness and mortality was in the Crimea, during the winter 
1855-56, they would have been reduced one-half, I am quite sure, could the rule that 
was observed in Kaffirland have been enforced there.” 


eam 





* Medical Sketches of the Expedition to Egypt, p. 10. 
+ Hamilton, Mili Surgery, p. 61. 
t Medical History of the War in the Crimea, vol. i. p. 504. 
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In the same Kaffir war (1852), a march was made by’ 200 men from 
Graham's Town to Bloomfronthein, and back; 1000 miles were covered in 
seventy-one days, or at the rate of nearly 15 miles daily ; the men were almost 
naked, were exposed to great variations of temperature (excessive heat during 
day ; while at night water froze in a bell-tent, with twenty-one men sleeping 
in it) ; and gotas rations only biscuit (meat 1} fb), and what game they could 
kill For drink they had nothing but water. Yet this rapid and laborious 
march was not only performed easily, but the men were “ more healthy than 
they had had ever been before ; and after the first few days, ceased to care 
about spirits. No man was sick till the end of the march, when two men got 
dysentery, and these were the only two who had the chance of getting any 
liquor.” 

In the last New Zealand war, Dr Neill (Staff Assistant-Surgeon) found that 
the troops marched better, even when exposed to wet and cold, when no 
spirits were issued, than when there was a spirit ration. 

In the late expedition to the Red River, under Sir Garnet Wolseley, no 
alcoholic liquid was issued. Two accounts of this remarkable march have 
been published—one by Captain Huyshe,* and the other by an officer who 
wrote an interesting account of the march in Blackwood’s Magazine.t Captain 
Huyshe says :— 

“« Although it was an unheard-of thing to send off an expedition into a wilderness for 
five month without any spirits, still as the backwoodsman was able to do hard work 
without spirits, it was rightly thought that the British soldiers could do the same. The 
men were allowed a large daily ration of tea, 1 oz. per man—practically as much as they 
could drink ; and, as I am now on this deal of bohea versus grog, I may as well state 
that the experiment was most successful. The men of no previous expedition have ever 
been called upon to perform harder or more continuous labour for over four months. . . . 
They were always cheery, and worked with a zealous will that could not be surpassed. 
This expedition would Lave been a bright era in our military annals had it no other 
result than that of proving the fallacy hitherto believed in of the necessity of providing 
our men when in the field with intoxicating liquors.” 

The writer in Blackwood’s Magazine says :— 

‘¢ The men were pictures of good health and soldier-like condition whilst stati 
Prince Arthur’s Landing and the other la camps. The men had fresh ae grey 
and potatoes every day. No spirits were‘allowed throughout the journey to Fort Garry 
but all ranks had daily a large ration of tea. This was one of the very few military ex- 
peditions ever undertaken by English troops where intoxicating liquors formed no part 
of the daily ration. It was an experiment based upon the practice common in Canada 
where the lumbermen, who spend the whole winter in the backwoods, employed upon the 
hardest labour, and exposed to afreezing temperature, are allowed no spirits, but have 
an unlimited quantity of tea. Our old-fashioned generals accept, without any attempt 
to 5 ira its truth, the traditional theory of rum being essential to keep the British 
soldier in health and humour. Let us aye that the experience we have acquired during 
the Red River expedition may have buried for ever this old-fogyish superstition. Never 
have the soldiers of any nation been called upon to perform more unceasingly hard work ; 
and it may be confidently asserted without dread of contradiction, that no men have 
ever been more cheerful or better behaved in every respect. No spirit ration means no 
crime; and even the doctors who anticipated serious illness from the absence of liquor 
will allow that no troops have ever been healthier than they were from the beginning 
to the end of the operation. With the exception of slight cases of diarrhea, arising 
from change of diet, it may be said that sickness was unknown amongst us.” 


Sir Garnet Wolseley, who commanded in this remarkable expedition, speaks 
(“ Soldiers’ Pocket Book,” 2d edition, p. 172) very strongly against the rum 
ration, and says that, by substituting tea for rum, the health and efficiency of 
the men are increased, “ their disciplins will improve as their moral tone is 
soit oo i a manly cheerfulness that spirit-drinking armies know 
nothing of.” ° 


* Journal, United Service Instituti .p. 74. 
+ January 1871, p. 64 on, 1871, vol. xv. p. 74 
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In the Ashanti campaign of 1874 observations were carefully recorded by 
yeveral officers, much of the information obtained being given in the book 
“On the Issue of a Spirit Ration during the Ashanti Campaign of 1874” 
‘Parkes). The conclusions arrived at were—1l. That abstinence did not 
render those who abstained more sickly as a whole or more liable to malarious 
fever; nor did it interfere with their powers of marching. 2. The issue of 
a ration of rum seemed to do good when given at tho end of the day before 
going to rest. 3. That the quantity (24 oz.) was amply sufficient. On the 
whole the necessity for the ration was by no means proved, although some 
officers returned rather shaken in their previous belief that alcohol was 
absolutely unnecessary in a military expedition. 

In sieges, which are perhaps more trying to men than campaigning in the 
open field, the advantage of temperance has, on two occasions, been very 
marked. In the great siege of Gibraltar, Sir George Eliott, who was a 
teetotaller, enforced the most rigid temperance, and the long and arduous 
blockade was passed through with remarkably little sickness. At the siege 
of Jellalabad, in Affghanistan, the “ illustrious garrison ” were quite destitute 
of all alcoholic liquors ; and, to the astonishment of the officers, the Europcans 
never had been so healthy, cheerful, martial, and enduring, and free from crime. 
During the Indian mutiny many regiments were debarred froin spirits for a 
long time, and were much healthier than when they got them. 

In fact, it may be confidently asserted that in war, spirits especially, and 
indeed all alcoholic liquors, are better avoided ; and the phrase of an American 
army surgeon in the late civil war, who noticed how great was the inprove- 
ment when spirit prohibition was enforced, is fully justified by our own 
experience—“ The curse of an army is intoxicating liquors ; the spirit ration 
‘s the great source of all this mischief.” 

When debarred from spirits and fermented liquids, men are not only better 
Jehaved, but are far more cheerful, are less irritable, and endure better the 
‘ardships and perils of war. The courage and endurance of a drunkard are 
always lessened ; but in a degree far short of drunkenness, spirits lower, while 
‘emperance raises, the boldness and cheerfulness of spirit which a true suldicr 
should possess. * 


* The custom of giving rations of spirits to soldiers and sailors (even now not altogether dis- 
continued), was one of those incredible mistakes which are only made worse by the explanation 
that it was done to please the men, and cover neglect in other ways. If any one wishes to 
see what our army was in former days, and how our dreadful military regulations made men 
drunkards in spite of themselves, I may refer them to an old Peninsular surgeon’s (William 
Tergusson’s) Notes and Recollections of a Professional Life (1846). ‘‘ During the last war” (he 
says, p. 74), ‘our sailors and soldiers ares to live for the purpose of getting drunk ; with 
‘hem it seemed to be the chief article of their creed—the chief end oflife..... ‘Grog, grog,’ 
was still the cry ; I have seen it, as it were, forced down the throats of the innocent negro boy 
and the uncorrupted young recruit. We seemed to believe that the term aqua vite was its true 
designation. Every one was to have it; no matter what the age, the colour, the country, or the 
preeding. Our Portuguese allies in the Peninsula were the soberest of mankind. They likod 
their own weak country wine to dilute their food, but that would not do for us. We actually 
sent for the rum of the West Indies and gave it them ; and at the battle of Busaco, I saw a party 
of Portuguese artillery, as soon as the rum ration was served, as if they had been possessed by 

devi] (and they actually were possessed by a devil in the shape of alcohol) draw their swords 
ind fight with one another, when actually under the tire of the enemy” (p. 85). 

He cites numerous most lamentable facts, and well concludes that “our canteen system 
vill in after times be viewed with horror and astonishment, at its folly, corruption, and wicked- 
ness,” 

I do not recall these opinions without a motive. There is too much reason to fear that man 
officers still believe that soldiers must have spirits. Fergusson says that “the exceeding vul- 
varity of the prejudice that ardent spirits impart strength and vigour to the human frame is 

isgraceful to educated men ;” and yet this belief is still actually held by many persona in 

authority. Although in the army, drinking is the great source of all crime and insubordina- 

‘ion ; although even within the last twenty years we have had one if not more instances that, 

sven during an assault, men will sacrifice anything, even their honour, to obtain spirits ; 
U 
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Leoking back to this evidence, it may be asked, Are there any circumstances 
of the soldier's life in which the issue of spirits is advisable, and if the ques- 
tion at any time lies between the issue of spirits and total abstinence, which 
is the best ? 

To me there seems but one answer. If spirits neither give strength to the 
body, nor sustain it against disease—are not protective against cold and wet, 
and aggravate rather than mitigate the effects of heat—if their use even in 
moderation increase crime, injure discipline, and impair hope and cheerful- 
ness—if the severest trials of war have been not merely borne, but most easily 
borne, without them—if there is no evidence that they are protective against 
malaria or other diseases—then I conceive the medical officer will not be 
justified in sanctioning their issue under any circumstances. 

The terrible system which in the East and West Indies made men 
drunkards in spite of themselves, and which by the issue of the morning 
dram did more than anything else to shatter the constitutions of the young 
soldiers, is now becoming a thing of the past. But the soldier is still 
permitted to get spirits too easily, and is too ignorant of their fatal influence 
on his health. Still the British army bears the unhappy character of the 
most intemperate army in Europe, and it is certain that its moments of 
misconduct and misfortune have been too frequently caused by the unrestrain- 
able passion fur drink. Remembering all these things, and how certainly it 
has been proved that drunkenness increases the spread of syphilis, it is not 
too much to say that the repression of this vice should be one of the chief 
duties of every officer in the army. Moderation should be cncouraged by 
precept and example ; wholesome beer and light wine should be invariably 
substituted for spirits, and if these cannot be procured, it may safely be said 
that the use of tea, coffee, or simple water is preferable to spirits under all 
circumstances of the soldier's life. 

Resistunce to Disease.—Maluriu.—There are instances for and against the 
view that spirits are useful against malaria. On both sides the evidence is 
defective ; but there are so many cases in which persons have been attacked 
With malarious disease who took spirits, that it is impossible to consider the 
preventive powers great, even if they exist at all. On the other hand, when 
teetotallers have escaped malaria (as in the instance recorded by Drake),* 
there have been other circumstances, such as more abundant food and better 
lodging, which will explain their exemption. The probability is, that the 
reception and action of malaria are not influenced by the presence or absence 
of alcohol in the blood, unless the amount of alcohol is so great as to lessen 
the amount of food taken. 

Yellow Fever.—It is a general opinion in New Orleans and Mobile that the 
victims of yellow fever are chiefly those who drink frecly (Drake). The 
old West Indian experience is to the same effect. 

Cholera.—Intemperance, per se, has no influence, and teetotalism does not 
guard against cholera. When a regiment is attacked with cholera, and the men 
take to drinking, a number of pseudo-cases come into hospital of vomiting and 
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although the best officers know that this is the one point on which they cannot depend on their 
men, far too little has been done to make our army temperate. I do not mean to say that 
uothing has been done ; on the contrary, in this, as in all things, progress has been made, but 
the measures are not sufficient to control an evil so gigantic. it is the same thing in civil life ; 
there is no question that more disease is, directly and indirectly, produced by drunkenness 
than by any other cause, and that the moral as well as the physical evils proceeding from it are 
beyond all reckoning ; and yet the attempts of the Legislature to set some bounds to intemper- 
ance have been and are opposed with a bitterness which could only be justified if the degra- 
dation and not the improvement of mankind was desired. 
* On the Interior Valley of North America, 
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cramps, which are often returned as cholera, but I believe they seldom if ever 
s into true cholera. 

Dysentery.—It has been supposed, from some statistics for 1847, published 
in the Fort George Gazette, that teetotallers were more subject to dysentery 
but the error was committed of not estimating sufficiently the influence of a 
particular station (Secunderabad), where it is so happened a number of 
teetotallers were stationed during an outbreak of dysentery. The conditions 
of the station were to blame, not the habits of the men. 

In none of the conditions now enumerated is there any evidence that 
alcohol is desirable. 


Conclusion as to the Use of Alcohol. 


The facts now stated make it difficult to avoid the conclusion that the 
dietetic value of alcohol has been much over-rated. It does not appear to me 
possible at present to condemn alcohol altogether as an article of diet in 
health ; or to prove that it is invariably hurtful, as some have attempted to 
do. It produces effects which are often useful in disease and sometimes 
desirable in health, but in health it is certainly not a necessity, and many 
persons are much better without it. As now used by mankind, it is infinitely 
more powerful for evil than for good ; and though it can hardly be imagined 
that its dietetic use will cease in our time, yet a clearer view of its effects 
must surely lead to a lessening of the excessive use which now prevails, As 
a matter of public health, it is most important that the medical profession 
should throw its great influence into the scale of moderation ; should explain 
the limit of the useful power, and show how easily the line is passed which 
carries us from the region of safety into danger, when alcohol is taken as a 
common article of food.* 


Dietetic Use of Alcoholic Beverages. 


In the previous remarks, the effect of alcohol only has been discussed, but 
beer and wine contain other substances besides alcohol. 

In wine there arc some albuminous substances, much sugar (in some wines), 
and other carbo-hydrates, and abundant salts. Whether it is that the amount 
of alcohol is small, or whether the alcohol be itself, in some way, different 
from that prepared by distillation, or whether the co-existence of carbo- 
hydrates and of salts modifies its action, certain it is that the moderate use 
of ‘wine, which is not too rich in alcohol, does not seem to lead to those 
profound alterations of the molecular constitution of organs which follow the 
use of spirits, even when not taken largely. Considering the large amounts 
of vegetable salts which most wines contain, it may reasonably be supposed 
that they play no unimportant part in giving dietetic value to wine. Indeed, 
it is quite certain that, in one point of view, they are most valuable ; they are 
highly anti-scorbutic, and the arguments of Lind and Gillespie, for the 
introduction of red wine into the royal navy instead of spirits, have been 
completely justified in our own time by both French and English experience. 


* A great evil is growing up in India, which now could be checked, but which we shall he 
powerless to meet in a few years. The Hindoos, formerly the most temperate of races, are 
rapidly becoming addicted to drink. This is said to be peey coving to the regulations of the 
Government permitting, and even encouragin: the sale of spirits, although the alcoholic liquors 
form no part of the pes | fe food of the people, and therefore their prohibition is not difficult ; 
and partly from the bad example of the Europeans in India, who, as the dominant race, are 
impressing more and more the nations whom they control. It seems a matter which our states- 
men may well look into, for it involves the happiness of many nations. : 

+ Thudichum and Dupré could not, however, trace any difference between the alcohol in 


wines and that derived from other sources. 
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It is now certain that with the same diet, but giving in one case red wine, in 
another rum, the persons on the latter system will become scorbutic long 
before those who take the wine. This is a most important fact, and in a 
campaign the issue of red wines should never be omitted. The ethers may 
also be important if, as indicated by Bernard, and recently pointed out by Dr 
B. Forster (Brit. Med. Journal, Nov. 1868), they excite the flow of the 
pancreatic secretion, and thereby promote the absorption of fat. 

In beer, there appear to be four ingredients of importance, viz., the 
extractive matters and sugar, the bitter matters, the free acids, and the alcohol. 
The first, no doubt, are carbo-hydrates, and play the same part in the system 
as starch and sugar, appropriating the oxygen, and saving fat and albuminates 
from destruction. Hence, one cause of the tendency of persons who drink 
much beer to get fat. The bitter matters are supposed to be stomachic and 
tonic ; though it may be questioned whether we have not gone too far in this 
direction, as many of the highest-priced beers contain now little else than 
alcohol and bitter extract. The action of the free acids is not known; but 
their amount is not inconsiderable; and they are mostly of the kind which 
form carbonates in the system, and which seem to play so useful a part. The 
salts, especially potassium and magnesium phosphates, are in large amount. 

It is evident that in beer we have a beverage which can answer several 
purposes—viz., can give a supply of carbo-hydrates, of acid, of important. salts, 
and of a bitter tonic (if such be needed) independent of its alcohol, but 
whether it is not a very expensive way of giving these substances is a question. 

In moderation, it is no doubt well adapted to aid digestion, and to lessen 
to some extent elimination of fat. It may be inferred that beer will cause 
an increase of weight of the body, by increasing the amount of food taken in, 
and by slightly lessening metamorphosis; and general expericnce confirms 
those inferences. When taken in excess, it seems to give rise to gouty affec- 
tions more readily even than wine. 

In spirits, alcohol is the main ingredient, chiefly in the form of ethyl-alcohol, 
though there are small amounts of propyl-, butyl-, and in some cases amy]l- 
alcohols. In addition, there are sometimes small quantities of ether; and, in 
some cases, essential oils (as apparently in absinthe, and in one kind of Cape 
brandy), which have a powerful action on the nerves. But spirits are, for the 
most part, morely flavoured alcohol, and do not contain the ingredients which 
give dietetic value to wine and beer. They are also more dangerous, because 
it is so easy to take them undiluted, and thus to increase the chance of 
damaging the structure and nutrition of the albuminous structures with which 
they come first in contact. There is every reason, therefore, to discourage the 
use of spirits, and to let beer and wines, with moderate alcoholic power, take 
their place. 


SECTION II. 
NON-ALCOHOLIC BEVERAGES. 
Sus-Ssotion I,.—Corres, 


Unroasted coffee contains much cellulose (34 per cent.), fat (10 to 13 per 
cent.), sugar and dextrin, and vegetable acid (15-5), and legumin (10 per cent.) 
There is also a solid acid, aromatic oil in small quantities, caffein, and ash, the 
chief ingredients of which are potash and phosphoric acid. The total amount 
of catfein (free and combined), according to Payen, is about 1:736 per cent. ; 
but this is more than other observers have found. In roasted coffee berries 
the average of Boutron and Robiquet’s analyses gives -238 per cent. of caffein 
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Aubert* has given the amount as from ‘709 to ‘849 per cont., and Witte 
makes it °666 per cent. ; Graham, Stenhouse, and Campbell state it as ‘87 per 
cent. It may be assumed to be -75 per cent. on an average. Aubert found 
that roasting coffee to any extent caused very little loss of caffein. The caffein 
is extracted easily by benzol or by chloroform. + 

When coffee is roasted it swells, but becomes lighter (15 to even 25 per 
cent. if the coffee is dark roasted). The sugar is changed into caramel, the 
peculiar aroma is developed, the union between the caffein and the caffce-gallic 
acid is broken up; several gases are formed, viz., carbonic acid (in greatest 
amount), carbonic oxide, and nitrogen. It is owing to these gases that tho 
roasted coffee swells so much. (Coulier, Recueil de Mémoires de Méd. Mil., 
Juin 1864, p. 508). In the infusion almost all the caffein is found, according 
to Aubert, while others say about one-half is lost. Aubert has found that in 
a cup of coffee made with 16°66 grammes, or ‘587 ounce avoirdupois (1 
Prussian loth), there are from 1 to ‘12 grammes (= 1°5 to 1:9 grains of caffein). 
In a cup of tea made from 5 to 6 grammes (=77 to 92 grains) of tea, about 
the same amount of caffein is contained. 

As an article of diet, coffee stimulates the nervous system, and in large doses 
produces tremors. Caffein given to animals augments reflex action, and may 
produce tetanus, or peculiar stiffness of muscles. It increases the frequency 
of the pulse in men, and removes the sensation of commencing fatigue during 
exercise. It has been said (J. Lehmann and others) to lessen the amount of 
uroa and phosphoric acid, but this is doubtful.{ It appears, however, to 
increase the urinary water. The pulmonary carbonic acid is said to be increased 
(E. Smith). It increases the action of the skin. . 

In animals (frogs, dogs, and. rabbits), caffein produces the following effects, 
as determined by Aubert and others :—Increased reflex action; a peculiar 
stiffness of the muscles, sometimes tetanus ; no lessening of nervous excitability ; 
an invariable increase in pulse-frequency, and a lessening of the blood-pressure 
(in dogs). This effect on the circulation is peculiar and complex. Aubert 
is convinced that the work of the heart is less, in spite of the increased beats ; 
there is not time for perfect contraction, and this lessened power shows itself, 
he thinks, in the lessened blood-pressure. Aubert considers that the lessened. 
heart-pressure is dependent on a more or less marked paralysis of the nerves 
passing to the heart from the ganglia; the increased frequency must be 
dependent either on paralysis of the regulating or excitation of the contractive 
heart nerves, and of this alternative he adopts the latter.. He thinks it 
uncertain whether coffee owes its dietetic value to the caffein. 

Coffee is a most important article of diet for soldiers,§ as not only is it 


* Archiv. fiir die ges. Phys., band v. p. 589. 

+ Caffein, theine, and theobromine are the same substance. In the leaves of the Paraguay tea 
(Ilex paraguayensis, the tea is called Maté in Paraguay), which are used to make tea in the 
Argentine confederation, and throughout the southern part of Brazil, there is also an alkaloid 
identical with theine. In dietetic properties, P ay tea is thought to stand between coffee 
and Chinese tea, but to be more like coffee. The alkaloid in guarana is also theine, according 
to Stenhouse. 

+ While Hoppe found a decrease in dogs, Voit found no alteration of urea; and some ve'y 
careful experiments, made by Dr Squarey of University College, do not confirm Lehmann’s 
observations on men so far as the urea is concerned. Dr Squarey’s experiments are far more 
complete than those of Lehmann ; the urea was not affected even by very large quantities of 
coffee. It would be interesting to examine the urine again after the use of the Hrythrozylon 
coca. The late work of M. Moreno of Maiz (Paris 1868), confirms the previous statements of 
the removal of the sensation of hunger by this substance. The cold infusion increases, he 
affirma, the arterial tension. 

§ The ration, one ounce, is generally too small, and might advantageously be doubled at 
least, See experiments in “The Issue of a Spirit, Ration” (Parkes), Appendix I. 
Pp. 3. et seq. 
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invigorating, without producing subsequent collapse, but the hot infusion is 
almost equally serviceable against both cold and heat: in the one case, the 
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Fig. 63.—Testa of raw Coffee x 170; the right-hand figure shows the double spiral fibres in 
the raphe of the berry x 500. 


warmth of the infusion, in the other, the action on the skin, being useful, 

tows sola while in both cases the nervous 

Sin ¥ stimulation is very desirable. Dr 

Hooker tells us that in the Antarctic 

expedition the men all preferred 

coffee to spirits, and this was the 

case in the Schleswig-Holstein war 
of 1849. 

The experience of Algeria and 
India (where coffee is coming more 
and more into use) proves its use 
in hot climates. 

It has been asserted to be protec- 
tive against malaria. The evidence 
is not strong, but still is sufficient 
to authorise its use in malarious 
districts. 

Making of Coffee.— Roasted and 

a | ——,__,__,__.—j ground coffee must be served out to 

Fig. 64.—Raw Coffee-berry ; transverse section Troops, as the delicate operation of 

x 170. roasting can never be performed by 
Soldiers. Exposed to the air, the roasted and ground coffee loses its aroma in 
from two to four months; but if packed in tins it will keep it for several 
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months, The tins should not be too large, so that no more than necessary 
may be exposed to the air. It has been said that the tin is acted upon, but 
this does not appear to be the case for some time. The amount shvuld be 
at least ,°,ths of an ounce for each person per meal. 

The coffee must not be boiled, or the aroma is in part dissipated; but if 
made with water of 180° or 200°, the coffee only gives up 19 to 25 per cent., 
whereas it ought to yield 30 to 35 per cent. In order to get the full benefit 
of the coffee, therefore, after the infusion has been poured off, the grounds 
should be well boiled in some more water, and the hot decoction poured over 
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Fig. 65.—-Roasted Coffee ; the dark cells, containing air, show the spiral fibre. 
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feesh coffee, so that it may take up aroma; the coffce thus partially exhausted 
can be used on the next occasion for boiling. 

~The infusion of coffee has a specific gravity of about 1008 to 1010 ; the oil 
caffein, sugar, dextrin, and mineral matters, are taken up by water. 

Choice of Coffee.—This is determined entirely by the aroma and taste of 
the roasted coffee and of the infusion. If the coffec has been damaged (as by 
sea-water, when the berries are washed in fresh water and redricd), there 
is always a disagreeable taste even after roasting (Chevallier). The berrics 
give up less than usual to water (12 per cent.)* 

‘ Adulterations.—The microscope detects adulterations with the greatest 
acility. 

The structure of the coffee-berry is shown in the drawings. 

The long cells of the testa (figs. 63 and 65) are very marked. The 
interior of the berry also presents characters which are quite evident; an 
irregular areolar tissue contains light or dark yellow angular masses and oil 


* ‘With regard to the choice of the coffee berry some caution must be used. The best coffee, 
that of Yemen, originally the Abyssinian beat is a moderately large full berry (according to 
Palgrave), the inferior sorts being small and shrivelled. In India the same rule does not seem 
to hold good, and I have been told by officers of vel nega that in that country the best 
coffee is often a shrivelled and uninviting-looking article, whilst the fuller and apparently 
finer samples are really inferior for use as a beverage. (F. de C.) 
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globules, which are very different from any adulterations. The little cork- 


screw-like unrolled spiral fibres are chiefly found in the bottom of the raphe. 
The usual adulterations of 


coffee are roasted chicory ;* 
cereal grains or beans, pota- 
toes, and sugar. 

1. Chicory is discovered 
by its smell; by yielding a 
darker and denser infusion 
of a specific gravity of 1018 
to 1020; and by its micro- 
scopic characters. It also 
sinks at once in water when 
roasted, whereas coffee floats 
for a long time in conse- 
quence of the development 
of gas during roasting, or 
from the non-absorbent cha- 
racter of the perisperm and 
hard yellow granules of the 
cellulose. The microscopic 
test is the most important, 
and both the cells and dotted 
ducts of chicory are quite 
vad characteristic, at least nothing 
like them exists in coffee.+ The percentage of ash has been suggested as a means 
of detection. Coffee yields about 4 per cent., of which four-fifths are soluble 
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Fig. 66.- Roasted Coffee-berry; transverse section. 
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Fig. 67.—Chicory root ; cells and dotted ducts. 


in water: chicory yields about 5 per cent., of which only one-third is soluble. 
2. Roasted corn or beans are at once known by the starch-grains, which 


* Chicory is itself adulterated with roasted bar! d i mangold- 
sat duit, oud’beens and peas ey and wheat grain, acorns, old-wurzel, 
+ erie contains a notable amount of sugar (12°14 per cent.), whereas coffee never has 
pea reat per cent, Wanklyn has proposed to make this a basis of detection, using the 
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frequently preserve the precise character of wheat or barley or beans. (See 
figures of these grains, p. 227 ef seg.) Jodine turns them at once blue. The 
infusion also gives a blue with iodine. 

8. Potato starch is also at once detected ; there is nothing like it in coffee, 
(See figure, p. 232.) Sago starch, which is sometimes used, is easily 
detected. 

4. Sugar is detected by solution, and by the copper solution which it 
reduces, as the kind of sugar is almost always glucose. If caramel or burnt 
sugar be present, make an infusion, evaporate, dry, and taste; if the extract he 
brittle, dark coloured, and bitter to the taste, caramel has been added (Hassall). 

5. Pereira* has given a long list of adulterations of chicory, and Hassall 
has also detected mixture with mangold-wurzel, parsnip, carrot, acorn, and 
saw-dust. ‘The cells of mangold-wurzel are like chicory, but much larger ; 
those of carrot and parsnip are something like chicory, but contain starch cells ; 
the starch-grains of the acorn are round or oval, with a deep culvert depres- 
sion, or hilum. The infusion of chicory is not turned blue by iodine; when 
incinerated the ash of chicory should not be Jess than 5 per cent. 


Sus-Section II,—Tera. 


The chief kinds of black tea are Souchong, Congou, Oolong, and Pekoe. 
Bohea is not now found in the market, The chief green teas are Hyson, 
Hyson-stem, Twankay, Caper, and Gunpowder, 

Dry tea contains about 1°8 per cent. of thein; 2°6 of albumen; 9°7 of 
dextrin ; 22 of cellulose ; 15 of tannin; 20 of extractives ; 5°4 of ash, as well 
as other matters, such as oil, wax, and resin. 

In some good teas the amount of thein is much greater. Péligot found as 
much as 6°21 per cent. in dry tea. The thein is combined with tannic acid. 

Black tea contains from 6 to 10 per cent. of water—more often the latter 
quantity ; green tea about 8 per cent. 

The ash consists principally of potash, soda, magnesia, phosphoric acid, 
chlorine, carbonic acid, iron, and silica.t There is rather more tannic acid, 
and more thein and gtherial oil, in green than black tea, and less cellulose : 
otherwise the composition is much the same (Mulder). 


Black tea yields to boiling water, . 29-A5 per cent. 


Asamean, . 38s, 
Green, { ; P j ; ; ; 40-48 ‘i 
Asamean, . 43, 


About $ths of the soluble matters are taken up by the first infusion with 
hot water. § 

If water contain much lime or iron, it will not make good tea ; in each case 
the water should be well boiled with a little carbonate of soda for 15 or 20 
minutes, and then poured on the leaves. 

In the infusion are found dextrin, glucose, tannin, and thein. About 47 per 
cent. of the nitrogenous substances pass into the infusion, and 53 per cent. 
remain undissolved, If soda is added, a still greater amount is given to water. 

The green tea (now little sold) is either natural or coloured (faced) with 








* Materia Medica, vol, ii. p. 1578 (1863). 
+ The Society of Public Analysts have adopted 8 per cent. of ash as the maximum of perfectly 
tea. The amount in ordinary tea is about 5 to 6 percent., of which about8 per cent. is 

soluble. The ash of spent tea is only about 8 per cent., of which 0°5 is soluble. 

+ There appears now to be very little green tea in the market, since it has been decided that 
*‘ facing ” is an adulteration. Sak j 

8 The Society of Public Analysts have adopted 80 per cent. as the minimum extract in 
genuine tea ; Wankiyn takes 32, and certainly good genuine tea generally yields this at least. 
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arr aaa blue, clay, carbonate and acetate of copper, curcuma, gypsum; 
and. chalk. ; 

Scraping the tea-leaves and microscopic examination at once detect the shin- 
ing blue particles of indigo and Prussian blue ; and the addition of an acid 
indicates which is indigo.* Copper is at once detected by solution in an 
acid and addition of ammonia. Letheby mentions that black lead is used to 
give a bloom to black teas. | 

As an Article of Diet.—Tea seems to have a decidedly stimulative and 
restorative action on the nervous system, which is perhaps aided by the 
warmth of the infusion. No depression follows this. The pulse is a little 
quickened. The amount of pulmonary carbonic acid is, according to KE. 
Smith, increased.t The action of the skin is increased ; that of the bowels 
lessened, The kidney excretion is little affected ; perhaps the urea is a little 
lessened, but this is uncertain. { 

As an article of diet for soldiers, tea is most useful. ‘The hot infusion, like 
that of coffee, is potent both against heat and cold ; is most useful in great 
fatigue, especially in hot climates (Ranald Martin) ; and also has a great 
purifying effect on water. Tea is so light, is so easily carried, and the infusion 
is so readily made, that it should form the drink par excellence of the soldier 
on service. There is also a belief that it lessens the suceptibility to malaria, 
but the evidence on this point is imperfect. 

Choice of Tea.—The tea should not be too much broken up, or mixed up 
with dirt. Spread out, the leaves should not be all large, thick, dark, and 
old, but some should be small and young. There will always be in the best 
tea a good deal of stalk and some remains of the flower. In old tea much of 
the stherial oil evaporates, and the aroma is less marked. 

The infusion should be fragrant to smell, not harsh and bitter to taste, and 
not too dark. The buyers of tea seem especially to depend on the smell and 
taste of the infusion. 

Structure of the Tea Leaf.—The border is serrated nearly, but not quite to 
the stalk ; the primary veins run out from the midrib nearly e border, : 
and then turn in, so that a distinct space is left between them and the border. 

1e leaf may vary in point of size and shape, being sometimes broader, and 
sometimes long and narrow. The appearance under the microscope of the 
upper and under surfaces is seen in thedrawing. The border and the primary 
venation distinguish it from all leaves.§ The leaves which it is said have been 
mixed with or substituted for tea in this country are the willow, sloe, oak, 
Valonia oak, plane, beech, elm, poplar, hawthorn, and chestnut ; and in 
China, Chloranthus inconspicuus and Camellia Sasanqua are said to be used. 


* The brick tea of the Tartars consists of old tea leaves, mixed with the leaves and stems 
of Rhamnus theézans,. Rhododendron, Chrysanthemum, Rosa cantina, and other plants, mixed 
with ox’s or sheep’s blood. It is much used fo purify water. 

+ Phil. Transactions, 1859. 

{ The evidence with respect to the urine is very contradictory ; but, on the whole, the action 
seems to be inconsiderable. Dr Edward Smith considers that, ‘‘ tea promotes all vital actions, 
and increases the action of the skin.” It is, perhaps, impossible at present to express its action 
in so succinct a form. 

‘ The structure of the serrature is rather peculiar, showing an apparently abortive leaf- 
bud just within the point, This organ can be seen distinctly with an ordinary pocket lens, 
and consists of a cylindrical basal portion and a more or less cone-shaped apieal part. From 
the reticulated body of the venation, a distinct little funiculus may be +: into each of the 
minute bud-like bodies which are situated just within the tip of the serrature. This latter 
Selina! is of importance, for, as might be expected, somewhat similar appendages may be 
‘ound in other serrated leaves, but in all cases hitherto examined by us, they occur at instead 
of within the point of the serratures. No notice appears to have been taken of this fact by 
structural botanists; but Dr Macdonald, who first called attention to it, refers the bodies 
themselves to the category of marginal buds. (F. de C.) - 
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Of these the willow and the aloe are the only leaves which at all resemble tea 
leaves. The willow is mora irregularly, and the sloe is much less perfectly 
and uniformly serrated. 

To examine the leaves, make an infusion, and then spread out a number of 
leaves ; if a leaf be placed on a glass slide, and covered with a thin glass, and 
then held up to the light, the border and venation can usually be well seen. 

The leaves of the Valonia, if used, are at once detected by acicular crystals 
being found under the microscope. 

Sometimes exhausted tea leaves are mixed with catechu or with a coarse 
powder of a reddish-brown colour, consisting chiefly of powdered catechu, and 
Upper Surface. Under Surface. 

x 282, + 285. 





Fig. 68.—Dried Black T'ea Leaf. 


called “La Veno Beno.” Gum and starch are added, the leaves being 
steeped in a strong solution of gum, which, in drying, contracts them. The 
want of aroma, and the collection at the bottom of the infusion of powdered 
catechu, or the detection of particles of catechu, will at once indicate this 
falsification, which is, however, very uncommon. Sand and magnetic oxide 
of iron are added by the Chinese. At first the latter was mistaken for iron 
filings, and when it was proved to be really magnetic oxide it was suggested 
that it came accidentally from the soil where the tea was cultivated. Hassall, 
however, gives good reasons for its being a wilful addition.* 





* T have found minute quantities in two inatgmces in tea supplied to Netley Hospital ; in 
one the ash was 6':054 © coats: in the other, 6°220. Hassall zat that he has never found 
it except in tea that bas been undoubtedly adulterated and yielded a very much greater 
amount of ash. (F. de C.) 
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Extraction of Thein. 


Occasionally it may be desired to determine the quantity of thein. Take 
10 grammes of tea, exhaust with boiling water, and add solution of subacetate 
of lead ; filter ; pass hydrosulphuric acid, to get rid of excess of lead ; filter ; 
evaporate to small bulk, and add a little ammonia ; add more water, decolorise 
with animal charcoal, and evaporate slowly to small bulk. White feathery 
crystals of thein form, which should be collected on filtering paper, dried at a 
very low heat, and weighed. 


Determination of Tannin. 


Make an infusion, and add solution of gelatine ; collect precipitate, dry and 
weigh—100 parts = 40 of tannin (Marcet). 


Examination of Tea. 


Judge of the aroma of the dry tea and infusion ; taste infusion ; spread out 
leaves and sce their characters ; collect anything like mineral powder, and 
examine under microscope. The microscope will also show if the tea has de- 
teriorated by keeping ; sometimes acari, fungi, and bacteria may be found. 

To make the infusion, take 10 grammes of tea and infuse in 500 C.C. of 
boiling distilled or rain water.* Let it stand five or six minutes before smell- 
ing and tasting it. Exhaust the leaves by boiling with successive portions of 
water, until no colour is given up to the water. Measure the total amount of 
the infusion ; take 100 C.C. and dry it in a water-batht and weigh. Calculate 
out the percentge. 

Example.—The total quantity of the infusion from 10 grammes of tea was 
1890 C.C.; 100 C.C. taken and dried yielded 0°21 of extract; then 
cs x 0°21 =3°969 of extract in 10 grammes; this multiplied by 
10 = 39°69 per cent. 

The exhausted leaves may also be dried and weighed, the loss representing 
the amount of extract, which ought to correspond with the amount obtained 
directly. 

The ash should also be determined ; 5 or 10 grammes are to be incinerated ; 
the ash is generally prey, sometimes slightly greenish, Any excess above 6 
per cent. is suspicious ; if above 8 per cent. on the perfectly dry tea, adultera- 
tion is certain. About one-half of the ash is soluble in water ; the solution is 
often (but not always) pink, from the presence of manganese. The amount 
and character of the ash form good means of detecting the use of exhausted 
leaves. 

The acidity of the infusion, and the amount of tannin and thein may also 
‘be determined ; as also the chlorine, alkalinity, and iron of the ash. The 
best tests of the quality of the tea are the aroma and the physical characters. 


Sus-Szcorion ITI.—Cocoa. 


Composition.—Although the theobromin of cocoa is now known to be 
identical with thein and caffein, the composition of cocoa removes it widely 
from tea and coffee. The quantity of fat is large; it varies even in the same 


* The dealers usually take as much tea as is equal in weight to a new sixpence for the infa- 
eee aoe is equal to about 8 gramines ; it is dissolved in a cupful of water, about 5 ounces 
or C. 

+ Mr Wanklyn suggests a simple form of water-bath ; an ordinary tin oil-can about three- 
parts full of water ; this is boiled over a lamp, and the dish with Infusion to be dried held 
over the narrow mouth in the ring of a retort stand. The drying is soun completed in the 
steam. 
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sort of cocoa, but is usually from 45 to 49 per cent.;* the theobromin is 1-2 
to 1:5 per cent. ; the protein substances 13 to 18 per cent. The ash contains 
a large quantity of phosphate of potash. ; 

As an Article of Diet.—The large quantity of fat and albuminoid substance 
makes it a very nourishing article of diet ; and it is therefore useful in weak 
states of the system, and for healthy men under circumstances of great 
exertion. It has been even compared to milk. Jn South America cocoa and 
maize cakes are used by travellers ; and the large amount of agreeable nourish- 
ment in small bulk enables several days’ supplies to be easily carricd 
(Humboldt). 

By roasting, the starch is changed into dextrin; the amount of marguaric 
acid increases, and an empyreumatic aromatic substance is formed. 

The changes depend on the amount of roasting; the lighter-coloured nuts 





Fig. 69.—Cocoa, Outer Coat x 190. 


coniain more unchanged fat, and less aroma; the strongly roasted and dark 
cocoas have more aroma and bitterness. 

Choice and Adulterations.—In commerce, cereal grains, starches, arrowroot, 
sago, or potato starch and sugar, are very commonly mixed with cocoa ; and 
some of the so-called homczopathic cocoas are rightly named, for the amount 
of cocoa is very small. Brick-dust and peroxide of iron are sometimes used 
(Normandy).t The structure of the cocoa is very marked. 

The starch-grains of cocoa are small, and embedded usually in the cells. 


' * The Society of Public Analysts have adopted 20 per cent of Cocoa butter as the minimum 
admissible. 
+ Hassall examined 54 samples; 8 were genuine, 43 contained sugar, and 46 starch ; 39 out 
of 68 samples contained earthy colouring matter, as reddle, Venetian red, and umber (On 
Adulteration, p. 169). 
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The presence of starch-grains of cereals, arrowroot, sago, or other kinds of 
starch, is at once detected by the microscope (see figures ante of these 


OR yn 
Ay a rid As 
he LG, 
a wi 
< : 
; mal “7 ioe 
we ae SS Re A oa 
ey, ¥y- 


SONAL 
SP ATY A 


Sr 
iN a 
SSn;8=+5 


Pee bed 
HOR woe at 
(ONS 












Re phy 
ag fh L? 
Wy a 
Fig. 70.—Cocoa, Under Parts, Middle Coat x 190. 


starches). Sugar can be detected by the taste, and by solution. Mineral 
substances are best detected by incineration, digesting in an acid, and testing 
for iron, lead, &c. 





SECTION III. 
CONDIMENTS. 
Sus-Seotion ].— VINEGAR. 


Asan Article of Diet.—Robert Jackson was of opinion that the use of 
vinegar was too restricted in the army. This opinion he appears to have 
formed from considering the great use of vinegar made by the Romans. 
Whatever may have been the source of the opinion, there is no doubt of its 
correctness. Acetic acid plays that double part in the body which seems so 
important, of first an acid of a neutral salt, and then, in the form of carbonic 
acid, as the acid of an alkaline salt. But this valuable dietetic quality is 
partly counter-balanced in English vinegar by the unfortunate circumstance 
that sulphuric acid (,g4,9th part in weight) is allowed to be added to vinegar, 
and’ thus a strong acid is taken into the body, which is not only not useful in 
nutrition, but which is hurtful, from the tendency to form insoluble salts of 
lime. As the addition of sulphuric acid is not necessary,* and, indeed, is not 


* The absence of Anguillula Aceti has been by some attributed to the use of sulphuric 
acid, Ses Micopra pe Dictionary, article Angutliula. In a semple I examined, which 
swarmed with anguillule, there was only a trace of sulphuric acid. (F'. de C.) 
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sermitted on the Continent, it is to be hoped the legislature will soon alter 
. system which has the effect only of injuring an important article of diet. 
The amount of vinegar which may be used may be from one to several ounces, 
On marches, the Romans mixed it with water as a beverage. 

Examination of Vinegar.—Several kinds of vinegar are in the market, 
known by the Nos. 16, 18, 20, 22, 24. Nos. 22 and 24 are the best, and 
contain about 5 per cent. of pure acetic acid. The weakest kinds contain less 
than 3 per cent. The Society of Public Analysts have adopted 3 per cent. as 
the minimum admissible. 

Quality—1. Take specific gravity; of the best,= 1022; of the worst, = 
1015. If below this, water has been added. 

2. Determine acidity of 10 C.C. with the alkaline solution (see Beer). It 
is generally best to dilute the vinegar ten times with distilled water, and to 
take 10 C.C. of the diluted vinegar. Multiply the C.C. of alkaline solution 
used by 0°6, the result is acetic acid per cent, 

Example.—10 C.C, of diluted vinegar took 8 C.C. of alkaline solution: 8 
0°6 = 4°8 per cent. of acetic acid. } 

The acidity of English vinegar is chiefly caused by acetic and sulphuric 
acids, but it is usually calculated at once as glagial acetic acid. If it falls 
below 3 per cent.,* water has probably been added. (The lowest noted by 
Hassall in 33 samples was 2:29.) 

If the specific gravity be low, and the acidity high, excess of sulphuric acid 
may have been added. 

If the alkaline solution cannot be prepared, the acidity must be determined 
with dried or crystallised sodium carbonate. Weigh 10 grammes of dried 
sodium carbonate, and add portions carefully to a weighed quantity of vinegar 
(10 grammes), till it is neutralised ; then weigh the remaining sodium carbo- 
nate, and calculate according to the atomic weights (53 ; 60 =a: z), or multiply 
the quantity used by 1:132 ; the result is the amount of glacial acetic acid in 
the quantity of vinegar experimented upon. 

In adding sodium carbonate to wine vinegar, the colour becomes dark and 
inky. Ammonia also gives a purplish precipitate in wine, but not in malt 
vinegar. 

3. Tf excess of sulphuric acid be suspected, it must be determined by 
baryta; this requires care, as sulphates may be introduced in the water. 
Hydrochloric acid and barium chloride are added; the sulphate of barium 
collected, dried, weighed, and multiplied by -34305. 

Adulterations.—Water ; sulphuric acid in excess (see ante);t hydrochloric 
acid (uncommon); or common. salt (detected by nitrate of silver and dilute 
nitric acid); pyroligneous acid (distil and re-distil the distillate, the residue 
will have the smell of pyroligneous acid) ; lead ; copper from vessels (evaporate 
to dryness, incinerate, dissolve in weak nitric acid, divide into two parts, pass 
SH, through one, and test for copper in the other by ammonia, or by a piece 
of iron wire) ; corrosive sublimate (pass SH, through, collect precipitate) ; 
capsicum, pellitory, or other pungent substances (evaporate nearly to dryness, 
and dissolve in boiling alcohol, evaporate to syrup, taste ; burnt sugar vives a 
bitter taste and a dark colour to the syrup). 

The presence of copper in the vinegar used for pickles may be easily 
detected by simply inserting the bright blade of a steel knife. 





* Hassall, says 3°5 per cent. — 
+ The presence of sulphuric acid may be detected qualitatively, by adding a few drops of the 


inegar to a piece of cane sugar, and evaporating on the water-bath. The solution becomes 
‘black in proportion to the mineral acid present. (Hassall), 
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Sup-Szorton I].—Musrarp. 
Good mustard is known by the sharp acrid smell and taste. It is 
adulterated with turmeric (detected by microscope and liquor potaase), wheat 
or barley starch (detected by microscope and iodine), and linseed (detected 





Fig 71.—White Mustard Seed.—Cuticle consisting of a perforated cellular epiderm and 
mucl ri cells, some by expansion esvaping through the cuticular openings after being placed 
in water. 
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Fig. 72,—~White Mustard Seed.-- 1. Outer coat, cuticle mucilage cells; 2. Fibrous reticuler ; 
. Small angular cells ; 4. Large cells and very delicate membrane ; 5. Interior of seed with a 
few minute oil globules. 


MUSTARD—PEPPER. $21 


by microscope). Many samples of mustard are still mixed with turmeric and 
starch of some kind, but this has very much lessened since the passing of the 
Adulteration Act. Clay and plaster of Paris are sometimes added, and cayenne 
is added to bring up the sharpness, if much flour is used. 





% 206 
Fig. 73.—White Mustard Seed, —Central part, x 205. 
The microscopic characters of mustard are well marked. The outer coat of 


the white mustard consists of a stratum of hexagonal cells, perforated in the 
centre, and other cells which occupy the centre portion of the hexagonal cells, 





Frovte ude io 
Fig. 74.—Section of Black Pepper Berry (cen:ral portion). 


and escape through the opening when swollen from imbibition of water ; these 
cells are believed to contain the mucilage which is obtained when mustard is 
placed in water. There are two internal coats made up of small angular celle ; 
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the structure of the seed consists of numerous cells containing oil, but no 
starch. The black mustard has the same characters, without the infundibuli- 
form cells, 


Sus-Srorion IJI.—Prprer. 


Pepper is adulterated with linseed, mustard husks, wheat and pea-flour, 
tape cake, and ground rice. The microscope at once detects these adultera- 
tions. 

The microscopic characters of pepper are rather complicated; there is a 
husk composed of four or five layers of cells and a central part. The cortex 
has externally elongated cells, placed cred and provided with a central 
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Fig. 75.—Transverse Section of Black Pepper Berry. 


cavity, from which lines radiate towards the circumference ; then come some 
strata of angular cells, which, towards the interior, are larger, and filled with 
oil, The third layer is composed of woody fibre and spiral cells. The fourth 
layer is made up of large cells, which towards the interior become smaller 
and of a deep red colour ; they contain most of the essential oil of the pepper. 
The central part of the berry i is composed. of large angular cells, about twice 
as long as broad. Steeped in water, some of these cells become yellow, 
others remain colourless. It has been supposed that the yellow cells contair 
,piperine as they give the same reactions as piperine does ; the tint, namely, is 
deepened by alcohol and nitric acid, and sulphuric acid applied to a dry sectior 
causes a reddish hue (Hassall). 


SALT——LEMON AND ‘LIME-JUICE, 828 


White pepper is the central part of the seed, but some small particles of 
ortex are usually mixed with it. It is composed of cells containing very 
mall starch-grains. Hassall says that the central white cells are so hard they 
nay be mistaken for particles of sand. A little care would avoid this. The 
itarch-grains are easily detected, however small, by iodine. 

Pepper dust is merely the sweepings of the warehouses. Jape or linseed 
ake, cayenne and mustard husks, are mixed with pepper dust, and it is then 
old as pepper. 


Sus-Srction IV.—Satt. 


The goodness of salt is known by its whiteness, fine crystalline character, 
lryness, complete and clear solution in water. The coarser kinds, containing 
ften chloride of magnesium, and perhaps lime salts, are darker coloured, more 
ir men deliquescent, and either not thoroughly crystallised or in too large 
rystals, 


SECTION IV. 
LEMON AND LIME JUICE. 


These juices contain free acids in large quantities, chiefly citric, and a little 
nalic acid, sugar, vegetable albumen, and mucus. 

The expressed juice of the ripe fruit of the Citrus Limonum, as ordered by 
he British Pharmacopceia, is said to have a specific gravity of 1-039, and to 
ontain on an average 32°5 grains of citric acid in one fluid ounce.* The 
resh juice of the lime (Citrus Limetta, or Citrus acida) has a rather less 
ipecific gravity (1:037), and contains less acid (32:22 grains per ounce). 

The late very important Merchant Shipping Act,{ which regulates the issue 
f lemon juice on board merchant vessels, does not define the strength ; but it 
1as been stated by Mr Stoddart§ that the Board of Trade standard is a specific 
ravity of 1030 without spirit, and 30 grains of citric acid per ounce. It 
ecasionally is as high as 1050. 

As found in commerce, for merchant shipping, or used in the Royal Navy, 
he lime or lemon juice is chiefly prepared in Sicily or the West Indies ; it is 
nixed with spirit (usually brandy or whisky, which gives it a slightly 
rreenish-yellow hue), and olive oil is poured on the top. 

Sugar is added to it when issued, to make it more agreeable to taste, in the 
wroportion of half its weight. Lemon juice is usually issued in bottles con- 
aining three to four pints, not quite filled, and is covered with a layer of 
jlive oil. About 1 ounce of brandy is added to each 10 ounces of juice. 
Sometimes the juice is boiled, and no brandy is added ; the former kind keeps 
vest (Armstrong). Both are equal in anti-scorbutic power (Armstrong). Good 
emon juice will keep for some years, at least three years (Armstrong) ; bad 
uice soon becomes turbid, and then stringy and mucilaginous, and the citric 
ind malic acids decompose, glucose and carbonic acid being formed. Some 
urbidity and precipitate do not, however, destroy its powers. 

As found in the market, it is frequently mixed with water, and sometimes 


* Mr Stoddart (Pharm. Jour. Oct. 1868) points out that the specific gravity is too high for 
he quantity of acid stated; there may, however, be other ingredients. He gives himself the 
pecific gravity as 1:040 to 1-045, and the citric acid as 89 to 46 grains per ounce (citric acid 
%¢H,07). Mr Stoddart mentioned that when lemons are kept the citric acid decomposes, and 
rlucose and carbonic acid State But yet citric acid is made from damaged fruit. 

Stoddart, op, cit, p. 205. 

+ The Merchent Ship ing Act, 1867. Mr Harry Leach, who superintends the part of the Act 
slating to lemon juice, has atranged a very good scheme of examination, which is being carried 
mut by himself and by erste at the various ports.: 

§ Pharm . Jour. Oct. 1868, p. 204, 
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with other acids. In 20 samples examined in 1868 by Mr Stoddart 7 were 
genuine, 5 were watered, and 8 were artificial; tartaric acid being present in 
one, and sulphuric acid in another sample. 

I have examined two good specimens of the Royal Navy lemon juice from 
Sicily, with the following results :—-When evaporated carefully down, after 
separation of the oil, it formed a brownish fragrant mass, which was dried 
with some difficulty, but was afterwards completely soluble in water. (If the 
operation is carried too far the extract decomposes, and then forms, according 
to Mr Stoddart, acetone, carbonic acid, and carbonic oxide and pyrocitric acid.) 
The look and smell of this extract were very characteristic of true lemon juice. 
The amount in my two samples was 7°186 and 7:1828 per cent. (Mr 
Stoddart’s experiments give a rather less amount, viz., 6:17). When inciner- 
ated an alkaline whitish-grey ash was left; and if the alkalinity was 
neutralised by a standard acid, it corresponded to ‘15 grains of citric acid per 
cent. The ash was ‘52 and ‘53 per cent. respectively, and of this ‘38 were 
soluble salts ; the potash was *12 per cent., or just 4 grain per ounce, and the 
phosphoric acid was ‘008 per cent, or ‘035 grains per ounce.* The total 
acidity (=citric acid C,H,O,) was 4°61 and 5°36 per cent., or on an average 
nearly 22 grains of citric acid (C,H,O,) per ounce. f 

This was below the Board of Trade’s standard. The alcohol was 5 per 
cent., corresponding to 10 per cent. of brandy added. 

In the examination the points which seem to me of consequence, in addition 
to the determination of the free acidity, are the fragrancy of the extract and 
the alkalinity of the ash, proving the existence of some alkaline citrate. The 
latter could, however, be imitated, but the fragrancy cannot be so. 


Examination of Lemon Juice. 


1. Pour into a glass, and mark physical characters ; turbidity, precipitate, 
stringiness, &c. The taste should be pleasant, acid, but not bitter. Add lime 
water, and boil ; if free citric acid is present, a large precipitate of calcium 
citrate is formed, which redissolves as the solution cools. Evaporate very 
carefully to extract, to test the fragrancy, &c. 

2. Take the specific gravity, remembering that spirit is present ; then, if 
necessary, evaporate to one-half to drive off alcohol, dilute to former amount, 
and take specific gravity at 60° Fahr. 

3. Determine acidity by alkaline solution as given at page 279. Express 
the acidity as citric acid (C,H,O,) ; 1 C.C. of the alkaline solution = 0064 of 
citric acid. As the acidity is considerable, the best way is to take 10 C.C. of . 
the juice, add 90 C.C. of water, and take 10 C.C. of the dilute fluid, which 

















* The quantity of potash agrees closely with Mr Stoddart’s statement, who found ‘3 grains 
per ounce. Witt’s analyses give from ‘2 to ‘5 Beg cent. of ash, of which 44°8 per cent. was 
potash, so that if the ash was ‘5, the potash would be -21 per cent., or ‘9 grains in 1 eunce. It 
is, therefore, certain that the utility of lemon juice is not connected with the potash. So also 
if my ger dae are pea for all amply: the oma oo a phosphoric acid is of consequence 
must be given up, as it is in such very small amount. itt found the phos i i 
rather ot Ake , O15 2 bs sires aa Eee mavarat 

Mr M. F. Anderson (of Coventry) suggests that the value of citric acid (or lime juice) } 

@ means of senders the ee of the food soluble and aaa aasimilsble. sea 
this so, the mineral acids ought to be at least partially antiscorbutic, of, which there is no 
Cds Line juice need in the Arctic Expedition, 1875-76 
e lime-juice used in the ic ition, 1875-76, gave on analysis 2 i itri 
ounce a8 issued, that is, after being fortified with about f5 er cent. heal spirit. ss 
ortifying it contained 32 grains. (See analyses by Professor Attfield and Mr B » Report of 
Committee on Scurvy, page xliii. and li.), Samples analysed at Netley showed a specific gravity 
of 1028 as issued, and 7 after driving off the alcohol; the extract was about per cent 
The unfortified juice froze at 25° F., the fortified remained liquid down to 15° F. ate 
papi at s temperature of nearly 0° F. produced no change in the character or amount of the 
constituents, 
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will give the acidity of 1 C.C. of the undiluted juice. If the number of C.C. 
used for the diluted juice is multiplied by 2°8 it gives the acidity in grains per 
ounce. 

4, Test for adulteration, viz.— 

(a) Tartarie Acid.—Dilute and filter, if the lime juice be turbid ; add a 
little solution of acetate of potash ; stir well, without touching the sides of the 
glass, and leave for twenty-four hours ; if tartaric acid be present the bitartrate 
of potash will fall. 

(6) Sulphuric Acid—Add barium chloride after filtration, if necessary ; if 
any precipitate falls, add a little water and a few drops of dilute hydrochloric 
acid to dissolve the barium citrate, which sometimes causes a turbidity. 

(c) Hydrochloric Acid.—Test with silver nitrate and a few drops of dilute 
nitric acid. 

(d) Nitric Acid.—This is an uncommon adulteration ; the iron or brucine 
test can be used, as in the case of water. 


Factitious Lemon Juice. 


Tt is not easy to distinguish well-made factitious lemon juice ; about 552 
grains of crystallised citric acid are dissolved in a wine pint of water, which is 
flavoured with essence of lemon dissolved in spirits. This corresponds 
to about 19 or 20 grains of dry citric acid per ounce. The flavour is not, how- 
ever, like that of the real juice, and the taste is sharper. Evaporation detects 
the falsification. | 


Use of Lemon Juice. 


In military transports, the daily issue of one ounce of lemon juice per head 
is commenced when the troops have been ten days at sea, and by the 
Merchant Shipping Act (1867) the same rule is ordered, except when the ship 
is in harbour, and fresh vegetables can be procured. It is mixed with sugar. 

If dried vegetables can be procured, half the amount of juice will perhaps 
do. 

In campaigns, when vegetables are deficient, the same rules should be 
enforced. On many foreign stations, where dysentery takes a scorbutic type 
(as formerly in Jamaica, and even of late years in China), lemon juice should 
be regularly issued. 


Substitutes for Lemon Juice. 


Citric acid is the best, or citrate of potash ; then perhaps vinegar, though 
this is inferior, and lowest of allis nitrate of potash.+ The tartrates, lactates, 


* My friend, Mr Harry Leach, has kindly given me the following memorandum on the action 
of the Merchant Shipping Aet :—This Act (commonly called the Duke of Richmond’s Act) 
makes special provisions for the quantity and quality of lime juice and lemon juice supplied to 
the mercantile marine, for the use of the crews of s ips at sea. One ounce is furnished each 
day to every member of the crew after the a has been at sea ten days, and directions are 
given in the authorised Ship Captain’s Medical Guide that it is to be mixed with sugar and 
water before serving out, in the preportion of an ounce of juice to an ounce of sugar anil about 
half a pint of water, which mixture is to be handed over to the crew every day between twelve 
and one o’clock, ¢.¢., at the ordinary dinner hour. Since this Act came into operation, it is 
ascertained, by the statistics of the Seamen’s Hospital, that scurvy has diminished by more than 
70 per cent. in the merchant ships of this country, and that hence, even in the Seamen's 
Hospital, severe cases of this disease are comparatively rare. The juice is examined, in the 
first instance, at the laboratory of the Inland Revenue as to specific gravity, amount of citric 
acid, and extractive matter, as well as absence of sulphuric or other cheap acids. It is then 
mixed in bond, under the direction of customs’ officers, with 10 per cent. of rum, brandy, gin, 
whisky, or Hollands, and kept in bond until required for shipment. 

+ On this point see Bryson’s paper in the Medical Times and Gazette, 1850, I ma also 
refer to a review on scurvy, which I contributed to the British and Foreign Medical Chirur- 
gical Review,” in October 1848, for evidence on the point, 


826 LEMON AND LIME-JUICE, 


and acetates of the alkalies may all be: used, but I am not aware of any good 
experiments on their relative anti-scorbutic powers. If milk is procurable, it 
may be allowed to become acid, and the acid then neutralised with an alkali, 
The fresh juices of many plants, especially species of cacti, can be used, the 
plant being crushed and steeped in water; and in case neither vegetables, 
lemon juice, nor any of the substitutes can be procured, we ought not to omit 
the trial of such plants of this kind as may be obtainable. 


CHAPTER VIIL 
SOILS. 


TOPOGRAPHICAL REPORTS AND CHOICE OF SITES. 


Tue term soil is used here in a large sense, to express all the portion of the 
crust of the earth which by any property or condition can affect health. The 
subdivision into surface soil and subsoil is often very useful; and these terms 
need no definition. 


SECTION L 


CONDITION OF SOIL AFFECTING HEALTH. 


Soil consists of mineral, vegetable, and often animal substances, in the 
interstices of which are also air and often water. - 

In reviewing the conditions which affect health it will be convenient to 
commence with the air and the water in soils. 


Sus-Section .—Txe Am in tue Soin. 


The hardest rucks alone are perfectly free from air; the greater number 
even of dense rocks, and all the softer rocks, and the loose soils covering them, 
contain air. The amount is in loose sands often 40 or 50 per cent. ; in soft 
sandstones, 20 to 40 per cent. The loose soil turned up in agricultural opera- 
tions may contain as much as 2 to 10 times its own volume of air. 

The nature of the air in soils has not been perfectly determined; it is 
mostly very rich in carbonic acid, is very moist, and probably contains 
effuvia and organic substances, derived from the animal or vegetable 
constituents, but which have not been properly examined. Occasionally it 
contains carburetted hydrogen, and in moist soils, when the water contains 
sulphates, a little sulphuretted hydrogen may be found. It has been recently 
examined by Nichols* in America, Fodort in Buda-Pesth, and Lewis and 
Cunningham} in Calcutta. Nichols made his experiments in the Back-bay 
lands of Boston, Massachusetts, land made by throwing gravel upon sea mud. 
His first series of experiments was upon air drawn from depths of 3} to 5} 
feet. There was no sulphuretted hydrogen, and only a little ammonia; the 
CO, was from 1°49 to 2:26 volumes per 1000, and varied inversely as the 
height of the ground-water, which was very near the surface. This relation, 
however, was not constant at a depth of 6 to 10 feet. Fodor experimented 
on air at four stations from depths of 4, 2, and1 metre, At the lowest depth 
the mean CO, was 107°5 per 1000; at the depth of 1 metre it was as little 
as 3°7 in one station. The great amount of CO, points to very intense 
chemical changes in the ground, especially in the deep strata, but at the same 





* 6th rt of the Board of Health, Massachusetts, 1875. 
+ Deutache Mrrclpan preter de fir Uffentliche Gesundheit, bd. vii. p. 205, 1875. 
~ The Soil in its relation to Disease, Calcutta, 1875. 
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time it may be very variable in different places. The amount of oxygen was 
in @ measure inversely as the CO, Ata depth of 4 metres (13 feet) the air 
would be irrespirable, and would extinguish a light, as it contained 13°85 
per cent. of CO, and only 7°46 of oxygen. (How many cellars go as deep as 
13 feet into the ground, and this cellar air feeds the house with air !) From 
the examination of the organic matter he comes to the conclusion that it is 
not its oxidation on the spot that produces the CO,, and that therefore the 
latter cannot be taken as a measure of impurity, depending as it does to a 
large extent upon the permeability of the soil.* He found no sulphuretted 
hydrogen, but a good deal of nitric acid and ammonia, the relative quantities 
depending upon free access of air or otherwise. As regards moisture, the 
mean percentage of humidity was 80:7 at 2 metres and 93°8 at 4. Lewis and 
Cunningham, in their observations at Calcutta, found results somewhat similar 
to those of Fodor, the CO, being greatest at the lower strata examined. 

The amount of air in soils can be roughly estimated, in the case of rather 
loose rocks, by seeing how much water a given bulk will absorb, which can 
be done by measuring the water, before and after the weighed or measured 
rock is inserted in it, or by weighing the rock after immersion. But a more 
exact plan is to weigh a piece of the rock when dry; to thoroughly saturate 
it with water, and weigh again, so as to obtain the weight of the water it has 
taken up. The specific gravity of the rock having been previously determined 
in the ordinary way, the calculation is— 

Weight of water taken upx 100, _ ee ee 
Weight of dry rock + specific gravity, — re ee 

When the soil is loose, Pettenkofer adopts the following plan :—Dry the 
loose soil at 212° Fahr., and powder it, but without crushing it very much ; 
put it into a burette, and tap it so as to expel the air from the interstices as 
far as possible ; connect another burette by means of an elastic tube with the 
bottom of the first burette and clamp it on; pour water into No. 2 burette, and 
then, by pressing the clamp, allow the water to rise through the soil until a 
thin layer of water is seen above it; then read off the amount of water thus 
gone out of the second burette. The calculation— 


en ee ete ankcoat a 
Cubic centimetres of dry soil ~ PP°R8° OF at 


The subterranean atmosphere thus existing in many loose soils and rocks is 
in continual movement, especially when the soils are dry ; the chief causes of 
movement are the diurnal changes of] heat in the soil, and the fall of rain, 
which must rapidly displace the air from the superficial layers, and at a later 
date, by raising the level of the ground water, will slowly throw out large 
quantities of airfrom thesoil. Fodor considers the temperature of the air, the 
ground temperature, the action of the winds, rainfall, barometric pressure, and 
ievel of ground water to be all influcntial in causing movement of the ground 
air and consequent relative change in its constituents. As far as the CO 
was concerned, Lewis and Cunningham found that the air temperature and 
wind were both inoperative, whilst the moisture had the greatest influence on 
the upper strata, and the ground-water on the lower 

Local conditions must also influence the movement; a house artificially 
warmed must continually be fed with air from the ground below, and doubt- 
less this air may be drawn from great depths. Coal gas escaping from pipes, 
and prevented from exuding by frozen earth on the surface, has been known 














* Fodor attempts to distinguish (but hardly successfully) between porosity and permeability, 
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to pass sideways for some distance into houses. The air of cesspools and of 
porous or broken drains will thus pass into houses, and the examination of 
drains alone often fails to detect the cause of effluvia in the house. 

The unhealthiness of houses built on “made soils,” for some time after the 
soils are laid down, is no doubt to be attributed to the constant ascent of im- 
pure air from the impure soil into the warm houses above. 

To hinder the ascent of air from below into a house is therefore a sanitary 
point of importance, and should be accomplished by paving and concreting the 
basement, or, in some cases, by raising the house on arches off the ground. 
The improvement of the health of towns, after they are well paved, may 
partly be owing to lessening of effluvia, though partly also to the greater easv 
of removing surface impurities. In some malarious districts great benefit has 
been obtained by covering the ground with grass, and thus hindering the 
ascent of the miasm. 

As a rule, it is considered that loose porous soils are healthy, because they 
are dry, and, with the qualification that the soil shall not furnish noxious 
effluvia from animal or vegetable impregnation, the rule appears to be correct. 
It is, however, undoubted that dry and apparently tolerably pure soils are 
sometimes malarious, and this arises either from the soils being really impure, 
or from their porosity allowing the transference of air from considerable dis- 
tances. Even on the purest soils it is desirablo to observe the rule of cutting 
off the subsoil air from ascent into houses. 

The diseases which have been attributed to telluric effluvia are— 


Paroxysmal fevers, Bilious remittent fever. 
Enteric (typhoid) fever. Cholera, 
Yellow fever. Dysentery. 


The questions connected with these effluvia will be noticed farther on. 


THE WATER IN THE SOIL. 


The water present in soils is divided into moisture and ground water. 
When air as well as water is present in the interstices, the soil is merely moist. 
The ground water must be defined, with Pettenkofer, as that condition in 
which all the interstices are filled with water, so that, except in so far as its 
particles are separated by solid portions of soil, there is a continuous sheet of 
water. Other definitions of ground water have been given, but it is in this 
sense it is spoken of here. 

Moisture of Soil.—The amount of moisture depends on the power of the 
soil to absorb and retain water, and on the supply of water to the soil either 
from rain or ground water. With respect to the first point, almost all soils 
will take up water. Pfaff* has shown that dried quartz sand on a filter can 
take up as much as 20 per cent. of water, and though in the natural condition 
in the soil the absorption would not be so great, there is no doubt that even 
the hardest sands retain much moisture. After several months of long con- 
tinued drought, Mr Church found a light calcareous clay loam subsoil to con- 
tain from 19 to 28 per cent. of water. 

A loose sand may hold 2 gallons of water in a cubic foot, and ordinary 
sandstone may hold 1 gallon. Chalk takes 13 to 17 per cent. ; clay, if not 
very dense, 20 ; humus, as much as 40 to 60, and retains its strongly. The 
so-called ‘ cotton soil ” of Central India, which is derived from trap rock, ab- 
sorbs and retains water with great tenacity ; the driest granite and marbles 
will contain from °4 to 4 per cent. of water, or about a pint in each cubic yard. 








* Zeitsch fiir Biologie, band iv. p. 249, 
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The moisture in the soil is derived partly from rain to which no soil is 
absolutely impermeable, as even granite, clay slate, and hard limestone may 
absorb a little. ‘Practically, however, soils may be divided into the 
impermeable (unweathered granite, trap and metamorphic rocks, clay slate, 
dense clays, hard oolite, hard limestone and dolomite, &c.) and permeable 
(chalk, sand, sandstones, vegetable soils, &c.) The amount of rain passing into 
a soil is influenced, however, by other circumstances—by the declivity and 
inclination of the soil; by the amount of evaporation, which is increased in 
summer ; by hot winds; and by the rapidity of the fall of rain which may be 
greater than the soil can absorb. On an average, in this country, about 25 
per cent. of the rain penctrates into the sand rocks, 42 per cent. into the 
chalk, and from 60 to 96 per cent. into the loose sands. The rest evaporates 
or runs off the surface by the lines of natural drainage. The rapidity with 
which the rain water sinks through soil evidently varies with circumstances ; 
in the rather dense chalks it has been supposed to move three feet downwards 
every year, but in the sand its movement must be much quicker. 

The moisture of the soil is not, however, derived solely from the rain ; the 
ground water by its own movement of rising and falling, and evaporation from 
the surface of the subterranean water-sheet, and capillary attraction, makes the 
upper layers of the soil wet. By these several agencies the ground near the 
surface is in most parts of the world kept more or less damp. 

Determination of Moisture in the Soil.—By drying 10 grammes at a tem- 
perature of 220° Fahr,, then weighing, exposing to air, and observing the in- 
crease of weight, an idea is formed of the amount of moisture, and of the hygro- 
metric properties of the soil. If the dried soil is put over water under a bell 
jar, it will be exposed to air saturated with moisture, or by observing the dry 
and oe bulb thermometers, the humidity of the air at the time can be 
noted. 

The Ground or Subsoil Water.—The subterranean sheet of water is at very 
different depths below the surface in different soils ; sometimes it is only 2 or 
3 feet from the surface, in other cases as many hundreds. This depends on 
the compactness or permeability of the soil, the ease or difficulty of outflow, 
and the existence or not of an impermeable stratum near or far from the 
surface. The underground sheet of water is not necessarily horizontal, and 
in some places it may be brought nearer to the surface than others by 
peculiarities of ground, The water is in constant movement, in most cases 
flowing towards the nearest water courses* or the sea; the rate of movement 
has not yet been perfectly determined. In Munich, Pettenkofer reckons its 
rate as 15 feet daily; the high water in the Elbe moves the ground water in 
the vicinity at the rate of about 7 or 8 feet daily. 

The rate of movement is not influenced solely by compactness or porosity 
of soil, or inclination. The roots of trees exert a great influence in lessening 
the flow; and, on the other hand, water runs off more rapidly than before in 
a district cleared of trees, The level of the ground water is constantly 





* In confirmation of this it has been shown by Virchow (Reinigung und Entwisserung 
Berlins, 1878) that the well water near the Spree is higher (in one case 5 feet) than the river ; 
the ground water is not derived from the river, but flows towards it (p. 31), and is influen 
by it only as it finde a ready or obstructed entrance on account of the varying amount of water 
in the Spree. The height of the Spree, therefore, cannot give a correct measure of the height 
of water in the neighbouring wells, though the ground water is influenced by the river allow- 
ing it to run off or ee it back. The movement of the ground water appears to be ex- 
tremely slight in Berlin ; in fact in some it is almost a sae There are two soils at, 
Berlin, elluvial and diluvial, which furnish ground water of different composition ; Virchow, 
therefore, terms the water of the diluvial or lower stratum the ‘‘ underground water” (Unter- 
grundwasser), but this term does not appear a very good one, 


DISEASES CONNECTED WITH. MOISTURE AND GROUND WATER. $8381 


changing. It rises or falls more or less rapidly and at different rates in 
different places ; in some cases its movement is only a few inches either way, 
but in most cases the limits between its highest and lowest levels in the year 
are several feet (in Munich about 10). In India the changes are greater. At 
Saugor, in Central India, the extremes of the soil water are from a few inches 
from surface (in the rains) to 17 feet in May. At Jubbulpore it is from 2 
feet from surface to 12 or 15, 

The causes of change in the level of the ground water are the rainfall, 
pressure of water from rivers or the sea, and alterations in outfall, either 
increased. obstruction or the, reverse, The effect of the rainfall is sometimes 
only traceable weeks or even months after the fall, and occasionally, as in 
plains at the foot of hills, the level of the ground water may be raised by 
rainfalls occurring at great distances. The pressure of the water in the Rhine 
has been shown to affect the water in a well 1670 feet away.* 

Diseases connected with Moisture and Ground Water.—Dampness of soil 
may presumably affect health in two ways—lst, By the effect of the water, 
per se, causing a cold soil, a misty air, and a tendency in persons living on 
such a soil to catarrhs and rheumatism; and, 2d, By aiding the evolution of 
organic emanations. The decomposition which goes on in a soil is owing to 
four factors, viz., presence of decomposable organic matters (animal or veget- 
able), heat, air, and moisture, These emanations are at present known only 
by their effects ; they may be mere chemical agencies, but more probably they 
are low forms of life which grow and propagate in these conditions. At any 
rate, moisture appears to be an essential element in their production. ‘The 
ground water is presumed to affect health by rendering the soil above it 
moist, either by evaporation or capillary attraction, or by alternate wettings 
and. dryings. 

A moist soil is cold, and is generally believed to predispose to rheumatism, 
catarrh, and neuralgia, It is a matter of general experience that most persons 
feel healthier on a dry soil. 

In some way which is not clear, a moist soil produces an unfavourable effect 
on the lungs: at least in a number of English towns, which have been 
sewered, and in which the ground has been rendered much drier, Buchanan 
has shown that there has been a diminution in the number of deaths from 
*‘ phthisis.”¢ Dr Bowditch of Boston (U.S.), and Dr Middleton of Salisbury, 
noticed the same fact some years ago. Buchanan’s evidence is very strong as 
to the fact of the connection, but the nature of the link between the two con- 
ditions of drying of soil and lesecning of certain pulmonary diseases is 
unknown. It is curious how counter the observation runs to the old and 
oe view, that in malarious (and therefore wet) places there is less 
phthisis. 

A moist soil influences greatly the development of the agent, whatever it 
may be, which causes the paroxysmal fevers. The factors which must be 
present to produce this agent are heat of soil (which must reach a certain 
point = isotherm of 65° Fahr. of summer air temperature), air, moisture, and 
some impurity of soil, which in all probability is of vegetable nature. The 
rise and fall of the ground water by supplying the requisite degree of 





* Ina place near the Hamble River (Hampshire) I found the tide affecting the water of a 
well at a distance of 2240 feet ; the well itself being 83 feet deep and 140 feet shove mean-water 
level. (F. de.) ‘* Lectures on State Medicine,” Smith and Elder. p. 91, 1875. 
+ Buchanan, Ninth and Tenth Reports of the Medical Officer to the Privy Council, 1866 
. 48, and 1867, p. 67. As the term “‘ phthisis ” is a general one, and includes all the fata 
8 of the lungs,with destruction of lung-tissue (tu lous and inflammatory), a3 well 
as other cases of wasting, with pulmonary symptoms, it would be well to translate the word 
“ phthisis * by the phrase “ wasting diseases of the lungs.” 
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moisture, or, on the contrary, by making goil too moist or too dey, evidently 
plays a large part in producing oF sania Rear aaa eoheesks ‘of 
patoxysmal fevers in the so-called malarious coun he development of 
malaria may be connected either with rise or with. fall of the ground water, 
An impeded outflow which raises the level of the ground water has, in 
malarious soils, been productive of immense spread of paroxyamal fevers. In 
the making of the Ganges and Jumna Canals, the outflow of & large tract of 
country was impeded, and the course and extent of the obstruction was traced 
by Dempster and Taylor by the almost universal prevalence of paroxysmal 
fevers and enlarged spleens in the inhabitants along the banks.* The severe 
and fatal fever which has prevailed in Burdwan, in Lower Bengel, for the last 
ten years, appears to be in part owlng to the obstruction to the natural 
drainage from mills and from blockage of water courses.t In some cases 
relative obstruction comes into play; te, an outfall sufficient for compara- 
tively dry weather is quite inadequate for the rainy season, and the ground 
water rises. At Pola, in Istria, for example, there are no marshes, but in the 
summer sometimes half, sometimes 90 per cent. of all cases are malarious ; the 
reason is, that a dense clay lies a little below an alluvial soil, and the only 
exit for the rain is through two valley-troughs, which cannot carry off the 
water fast enough in the wet scason,{ from February to May. 

A remarkable instance of excessive rainfall, causing an outbreak of malarial 
disease, occurred at Kurrachee, in Scinde, in 1869. The average annual 
rainfall in Scinde in 11 years (1856-66) was only 6°75 inches; and 
the greatest rainfall in that time was 13°9 inches (1863), In 1867 the rain- 
fall was 2:73 ; in 1868 it was 3°36 inches ; while in 1869 it reached the un- 
precedented amount of 28°45 inches, of which 13°18 fell in July, and 8°39 
inches in September. April, May, October, November, and December were 
rainless. The Ist Batt. 21st Regiment had the following attacks of 
paroxysmal fever per 1000 of strength :—In April, none ; in May, 9; in 
June, 39 ; in July, 30 ; in August, 93 ; September, 105 ; in October, 198 ; 
in November, 1004; and in December, 644. In December the regiment was 
embarked for Madras, as it had “ thoroughly lost heart.” The diseasc was 
not fatal, as the death rate for the year, from all causes, was only 25-7 per 
1000. At Kurrachee, as the rainfall is usually so small, the ground dries fast, 
and is then non-malarious. The ground is flat, and there is no subsoil drain- 
age. In 1866, when there was heavy rainfall (13°75 inches), there was also 
a development of malarial disease, which was continued in 1867. 

The opposite result, viz., an increased outflow lowering the subsoil water, 
has been observed in drainage operations, and very malarious places have been 
rendered quite healthy by this measure, as in Lincolnshire, and many parts 
of England. The case of Boufaric, in Algeria, is 2 good instance ; successive 
races of soldiers and colonists had died off, and the station had the worst re- 
putation. Deep drainage was resorted to, the level of the ground water was 
lowered less than 2 feet. This measure, and a better supply of drinking- 
water, have reduced the mortality to one-third. 








* The observations of Dempster and Taylor on the Jumna Canal have been lately confirmed 
by Ferguson F rape Administration of the Punjab for 1871, apps IV.), who has inves- 
tigated the effect on malarious disease on the Bari Dodb Canal district; he found canal irriga- 
tion increased malarious fever, and apparently by raising the soil-water levels. 

+ Dr Derby (8d Report of the State Board of Health of Massachusetts, Boston, 1872) points 
out how ague has been produced by obstructions to out-flow, such as tide-mills, &c. So long 
ago as 1828, authority to remove a dam was obtained on account of ny to health. See also 
case recorded by Dr Cattell in Natal, Army Medical Reports, vol, xiii. 1871, p. 178, produced by’ 


natural causes. 
' [ Dr Jilek, in Archiv. der Heilk, 1870, p. 493, 


' DISEASES CONNECTED, WITH WATER OF THE som. |: SRK: 
’ A case mentioned by Pettenkofer* is also very striking as to the éffect of 
subsoil drainage on some kind of fever in horses, Two royal stables near 
Munich, with the same arrangements as to stalls, food, and attendance, and 
the same class of horses, suffered very unequally from fever ; horses sent from 
the unhealthy to the healthy stables did not communicate the disease. The 
difference between the two places was, that in the healthy stables the ground 
water was 5 to 6 feet, in the unhealthy only 24 feet from the surface. Drain- 
ing the latter stables, and reducing the ground water to the same height, made 
these stables as healthy as the others. 

Typhoid (enteric) fever has also been supposed to be connected with changes 
in moisture of the soil, owing to rising and falling of the ground water. 
Professor Pettenkofer’s observations on the wells of Munich led Buhl to the 
discovery that in that city there is a very close relation between the height of the 
ground water and the fatal cases of typhoid ;t the outbreaks of typhoid fever 
occurred when the ground water was lowest, and especially when, after having 
risen to an unusual height, it had rapidly fallen. Pettenkofer has repeated 
and extended the inquiry with the same results. The point has been also 
numerically investigated by Seidel { in Munich and Leipzig for the years 
1856-64 and 1865-73, and from a mathematical consideration of the numbers 
he concludes that, according to the theory of probabilities, it is 36,000 to 1 
that there is, in each period, a connection between the two occurrences. § 
Other observations in Germany are confirmatory,|| but in this country the con- 
nection has not been traced. In some outbreaks of enteric fever, the ground 
water has been rising and not falling ; and in other instances the attacks have 
been traced to impure drinking-water or milk, to sewer emanations, or to 
personal contagion, and the agency of the ground water has appeared to be 
quite negative. Dr Buchanan{ has quoted a case, in which the sinking of 
the ground water and the outbreak of fever were coincident, and yet the con- 
nection was, so to speak, accidental, for the efficient cause of the outbreak was 
the poisoning of the drinking water with typhoid evacuations. And he also 
points out that when the ground water has actually been lowered in certain 
English towns by drainage operations, typhoid fever has not increased as it 
should do, according to theory, but has diminished, owing to the intro- 
duction of pure water from a distance. He thus thinks that, while a connec- 
tion between the prevalence of typhoid fever and sinking of the ground water 
must be admitted to exist, it is indirect, and the true cause of the fever is 


* Quoted by Kirchner, Lehrb. der Mil-Hygiene, 1869, pp. 217, 218. 
\ + Zeitschrift fiir Biologie, band 1. P. 1. . 

+ Zeitsch. fur Biologie, band i. p. 221, and band ii, p, 145. 

§ Ranke, however, points out that no typhoid exists in the neighbourhood of Munich, but what 
is imported from Munich, although soil and ground water are the same. Munich has a soil con- 
sisting of fine sand, with a peculiar power of holding nitrogenous substances ; it is provided 
with cess-pools, from which more than 90 per cent. of the contents soak into the surrounding 
soil, and, as the streets are well paved, the houses are the only outlets for the foul soil-air. 

‘ Virchow, in his Report on the Sewerage of Berlin, shows that the mortality is greatest in 
July and August, the curve corresponding accurately with the variation of the ground water, 
the death-rate being greatest at the lowest level; this is chiefly due to deaths under one year. 
At the lowest level there is every year a little epidemic of typhoid. At Ziirich in 1872 the 
results were directly opposed to Pettenkofer’s views (See Lectures on State Medicine, p. 101 
Geissler considers the influence of the rise and fall of the ground water a local matter, an 
agrees with Rudolph Rath in attributing the typhoid of Berlin to contaminated water. The 
case of water transmission (which he quotes from Hagler) in the village of Lausen is a ve 
conclusive one. (Schmidt's Jahrbiich. 1874, No. 2, 185; also Archiv fiir Klin. Medicin, 1878, 
p. 287; see also an abstract in the og i on Hygiene, Army Med. Reports. vol. xv. p. 197). 

Vogt of Bern (Trinkwasser oder Bodengase) strongly supports Pettenkofer's views, and 
considers the propagation by drinking-water as illusory. 

|| Buxbaum, Der ‘T'yphus in der Kaserne zu Neustift; Zeitach. fiir Biologie, band vi. p. 1. 

8 seems strong evidence in favour of Pettenkofer’s view. 

| Medical Times and Gazette, March 1870. 
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. the drinking-water. Pettenkofer has replied to this view,* and 
ee ectoak analysis, the fact of the contamination of the drinking. 
i id outbreaks. 
iored rage cacaeat the observations of Pettenkofer, and - case : a 
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ini direct connection ma 

of the aaa water and outbreaks of typhoid ; but the frequency and extent 

of the connection remains to be determined, and in this country, at any rate, 

the other conditions of spread of typhoid appear to be far more common. ; 
Assuming the truth of the connection, the other conditions which 

Pottenkofer considers necessary, besides a rapid sinking of ground water after 


an unusual rise, are impurity of the soil from animal impregnation, heat of 
soil, and the entrance of a specific germ. 

A very similar view is held by Pettenkofor in respect of cholera, and he 
has advanced many striking argumentst{ to show that while sporadic cases of 
cholera may occur, that there will be no wide-spread epidemic, unless cortain 
conditions of soil are present, viz., an impure porous soil, which has recently 
been rendored moist by a rise of ground water, and then has been penetrated 
by air during the fall of ground water, and into which the specific germ 
(Keim) of cholera has found its way. As in the case of typhoid fever, 
Pettenkofer formerly denied that cholera could be produced by impure drink- 
ing-water, but at the Sanitary Conference at Vienna in 1874 he admitted the 
occasional propagation in this way.§ 

In Germany Pettenkofer’s views on the spread of cholera have not met with 
universal acceptance,|| though there are several instances in support. In India - 
the weight of the evidence is at present against Pettenkofer’s views;{ but as 
investigations are now going on which will in a few years settle the point, it 
is desirable at present to refrain from forming a decided opinion, except in so 
far that we may feel sure that the singularly localised outbreaks which some- 
times occur in India are quite unconnected with any subsoil-water variations. 

In the report of MM. Lewis and Cunningham (op. cit.) itis shown that the 
cholera at Calcutta in 1873-4 followed the curve of the ground-water level 
inversely, exactly in accordance with Pettenkofer’s views. 

Dysentery and the so-called bilious remittent fevers, which occur in foul 
camps and on ground largely contaminated by animal impurities, may be con- 
jectured to be also influenced by variations in the ground water, but satis- 
factory evidence has not yet heen given. In the Calcutta Report, above cited, 
the maximum of fever corresponded with the maximum of CO, in the soil 
atmosphere, and with the highest ground-water level. Dysentery, on the 
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Pia a J oF 1870; and Vierteljahrschrift fiir offentliche. Gesundsheitspflege, 1870, band 
i. Pp e 9 e 

+ Vierteljahrschrift fir offentl. Ges., band ii. p. 181. 

+ Among his many essays, I would especially refer to his Analysis of the Reasons of the 
Immunity of Lyons from Cholera. (Zeitsch. fiir Biol., band iv. p. 400) 

§ It is, of course, to be understood that the impurity which aids in producing cholera is 
derived from persons ill with the disease. For a discussion on Pettenkofer’s views on this 
agieln 43) ea to my Report on Hygiene for 1872, in the Army Med. Department Report, 
vol, xiii. ; 

} A careful analysis of this subject is contained in F. Kiichenmeister’s work (Verbreitun: 
der Cholera, 1872), and the work by F. Sander (Unters. tiber die Cholera. 1872). Dr Frank 
(health officer of Munich), believes that the cholera in 1873-4, was imported from Vienna, and 
oe out that in 1873 the ground water and death-rate were not in accordance with Petten- 

ofer’s theory. (See Report on Hygiene, Army Med. Report, vol. xv. p. 208). 

{ Townsend's Report’s on the Cholera in Central India contain so many cases where ground 
water could have had no influence, that it oo imposible to accept Pettenkofer’s ry. 
Jn Dr Cornish’s Report for 1871 are some good observations on subsoil water, which if carried 
out in the same way for a few years will decide this question. 
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other hand, showed two maxima, one at the rise of the water-level, and the 
other at the corresponding point of the fall. 

Measurement of the Ground Water.—The height at: which water stands in 
wells is considered to give the best indication of the height of the ground 
water. Professor Pettenkofer uses arod on which are fixed a number of little 
cups, and when let down into the well and drawn up again, the uppermost 
cup, Which contains water, marks, of course, the height of the water ; the 
length of the cord or rod used for letting down the cups being known, the 
changing level of the well can be estimated to within half an inch. Some 
precautions are necessary in making these observations ; if a rope is used, it 
may stretch with use or in wet weather, or contract in a dry hot wind, and 
thereby make the observation incorrect ; local conditions of wells, proximity 
to rivers, &c., must be learnt, else what may be termed local alterations in a 
well may be wrongly supposed to mean changes in the general level of the 
ground water. It is necessary, therefore, to make the observations simul- 
taneously in many wells and over a considerable district. The observations 
should be made not less often than once a fortnight, and oftener if possible, 
and be carried on for a considerable time before any conclusions aro drawn.* 

Method of rendering Soil Drier.—There are two plans of doing this,—deep 
drainage and opening the outflow. The laying down of sewers often carries 
off water by leaving spaces along the course of the sewers ; in some cases 
special drains for ground water have been laid by the side of the sewers, and 
in very wet soils this seems a good measure. Deep soil drainage (the drains 
being from 8 to 12 fect deep and 10 to 20 feet apart) is useful in all svils 
except the most impermeable, and in the tropics should be carried out even on 
what are apparently dry sandy plains. 

In some cases soil may be rendered drier by opening the outflow. This is 
an engineering problem which physicians can only suggest. The clearing of 
water-courses, removal of obstructions, and formation of fresh channels, are 
measures which may have an effect over very large areas which could not be 
reached by ordinary drainage. 


Suzn-Ssction IT. 
SoLtp CoNSTITUENTS OF THE SOIL. 


There are certain general features which can be conveniently considered first. 

1. Conformation and Elevation.—The relative amounts of hill and plain ; 
the elevation of the hills; thoir direction ; the angle of slope ; the kind, size, 
and depth of valleys; the chief water-sheds, and the direction and discharge 
of the water-courses; the amount of fall of plains, are the chief points to be 
considered. . 

Among hills, the unhealthy spots are inclosed valleys, punch-bowls, any 
spot where the air must stagnate ; ravines, or places at the head or entrance 
of ravines. 

In the tropics, especially, ravines and nullahs are to be avoided, as they are 
often filled with decaying vegetation, and currents of air frequently traverse 
them. During the heat of the day the current of air is up the ravine; at 
night down it. As the hills cool more rapidly than the surrounding plains, 
the latter current is especially dangerous, as the air is at once impure and cold. 
The worst ravine is a long narrow valley, contracted at its outlet, so as to dam. 
up the water behind it. A saddleback is usually healthy, if not too much 
exposed ; so are positions near the top ofa slope. One of the most difficult 





* Pettenkofer also uses a large float which is suspended by a chain travelling over a pulley: 
this supports an indicator at itn other end, which marks the height on a fixed scale. 
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points to determine in hilly regions is the probable direction of winds; they 
are often deflected from their course, or the rapid cooling of the hills at night 
produces alteration. 

On plains the most dangerous points are generally at the foot of hills, 
especially in the tropics, where the water, stored up in the hills, and flowing 
to the plain, causes an exuberant vegetation at the border of the hills. 

A plain at the foot of hills may be healthy, if a deep ravine cuts off com- 
pletely the drainage of the hill behind it. 

The next most dangerous spots are depressions below the level of the plain, 
and into which therefore there is drainage. Even gravelly soils may be damp 
from this cause, the water rising rapidly through the loose soil from the 
pressure of higher levels. 

Elevation acts chiefly by its effect in lessening the pressure of the air, and in 
increasing the rapidity of evaporation (see Cuimats). It has a powerful effect 
on marshes ; high elevations lessening the amount of malaria, partly from the 
rapid evaporation, partly from the greater production of cold at night. Yet, 
malarious marshes may occur at great elevations, even 6000 feet (Erzcroum 
and Mexico). 

2. Vegetation.—The effect of vegetation on ground is very important. In 
cold climates the sun’s rays are obstructed, and evaporation from the ground 
is slow ; the ground is therefore cold and moist, and the removal of wood 
renders the climate milder and drier. The extent to which trees impede the 
passage of water through the soil is considerable. 

In hot countries vegetation shades the ground, and makes it cooler. The 
evaporation from the surface is lessened ; but the evaporation from the vege- 
tation is so great as to produce a perceptible lowering effect on the temperature 
of a place. Pettenkofer has lately calculated that an oak tree which had 
751,592 leaves, had during the summer months (May—October) an evaporation 
equal to 539-1 centimetres (= 212 inches), whilo the rainfall was only 65 
centimotres (= 25-6 inches) ; so that the evaporation was 84 times the rain- 
fall ; this shows how much water was abstracted from the soil, and how the 
air must have been moistened and cooled.* 

The hottest and driest places in the tropics are those divested of troes.t 

Vegetation produces also a great effect on the movement of air. Its velocity 
is checked ; and sometimes in thick clusters of trees or underwood the air is 
almost stagnant. If moist and decaying vegetation be a coincident condition 
of such stagnation, the most fatal forms of malarious disease are produced. 

Vegetation may thus do harm by obstructing the movement of air; on the 
other hand, it may guard from currents of impure air. The protective influ- 
ence of a belt of trees against malaria is most striking. 

In a hygienic point of view, vegetation must be divided into herbage, brush- 
wood, and trees ; and these should be severally commented on in reports. 

Herbage is always healthy. In the tropics it cools the ground, both by ob- 
structing the sun's rays, and by aiding evaporation ; and nothing is more 
desirable than to cover, if if be possible, the hot sandy plains of the tropics 
with close-cut grass. 





* Recent observations in Algeria (Gimbert), show that the Zucalyptus globulus ab 
evaporates 12 times the rain-fall ; extremely malarious places belt rendered “fealty fe ins 
way in four or five years. 

+ It has been proposed (by Mr. Milne Home) to plant trees at Malta, with the view of 
sap and regulating the water-supply., 

r Robert L. Stevenson has considered the thermal influence of forests, in a paper in the 
Proceedings of the Royal Society of ar ap (19th May 1873). Single trees act as bad 
conductors; the air of forests is erally cooler than free air, and certeinly cooler than 
cleared lands ; forests heat the air during the day and chill it at night. : 
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Brushwood is frequently bad,"and should often be removed. There is, how- 
ever, evidence that the removal of brushwood from a marsh has increased tho 
evolution of malaria, and that, like trees, brushwood may sometimes offer ob- 
struction to the passage of malaria. It must also be remembered that its re- 
moval will sometimes, on account of the disturbance of the ground, increarv 
malarious disease for the time ; and therefore, in the case of a temporary camp- 
in a hot malarious country, it is often desirable to avoid disturbing it. When 
removed, the work should be carried on in the heat of the day, z.¢., not in the 
early morning, or in the evening. 

Trees should be removed with judgment. In cold countries they shelter 
from cold winds ; in hot, they cool the ground ; in both, they may protect 
from malarious currents. A decided and pernicious interference with the 
movement of air should be almost the only reason for removing them. In 
some of the hottest countries of the world, as in Southern Burmah, the in- 
habitants place their houses under the trees with the best effects ; and it was 
a rule with the Romans to encamp their men under trees in all hot countrics. 

The kind of vegetation, except as being indicative of a damp or dry soil, 
does not appear to be of importance. 

Absorption of Heat.—The heat of the sun is absorbed in ditferent amounts 
by different soils equally shiclded or unshielded by vegetation. The colour 
of the soil and its aggregation seem chiefly to determine it. The dark, loose, 
incoherent sands are the hottest ; even in temperate climates Arago found the 
temperature of sand on the surface to be 122° Fahr., and at the Cape of Good 
Hope Herschel observed it to be no less than 159°.* The heating power of 
the sun’s rays is indeed excessive. ' In India, the thermometer placed on the 
ground and exposed to the sun will mark 160° (Buist), whilo 2 feet from the 
ground it will only mark 120°. Lbuist thinks that if protected from currents 
of air it would mark 212° when placed on the ground. The absorbing and 
radiating powers of soil are not necessarily equal, though they may be so. 
Generally the radiating power is more rapid than the absorbing ; soils cool 
more rapidly than they heat. Some of the marshes in Mexico cool so rapidly 
at night that the evolution of malaria is stopped, and the marsh is 
not dangerous during the night. A thermometer marked 32° Fahr. on the 
ground, while 16 feet above the ground it marked 50° Fahr. (Jourdanct). 

In Calcutta, Lewis and Cunningham (op. cit.) found that the temperature 
of the soil varied with the season. In hot weather the thermometer stood 
highest in the air, next highest in the upper sfratum of the soil, and lowest 
in the lower stratum. In cold weather the conditions were exactly reversed, 
the air being coolest and the lowest stratum of soil the hottest. During rain, 
however, these relations were not constant. 

With regard to absorbing power, the following table by Schiibler contains 
the only good experiments at present known :— 


Power of retaining heat ; 100 being assumed as the standard. 


Sand with some lime, . 100 Clayey earth, . , ; 68:4 
Pure sand, . ; ; 95°6 Pure clay, ; : : 66°7 
Light clay, . : 76:9 Fine chalk, ‘ 61°8 
Gypsum, 732 Humus, . : ; 49 
Heavy clay, . ; 7111 


The great absorbing power of the sands is thus evident, and the compara- 
tive coldness of the clays and humus. Herbage lessens greatly the absorbing 
power of the soil, and radiation is more rapid. On the Orinoco, a naked 


ey 





* Neteorology, p. 4. 
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granite-rock has been known to have a temperature of 118° Fahr., while an 
adjacent rock, covered with grass, had a temperature 32° lower. 

In cold countries, therefore, the clayey soils are cold, and as they are also 
damp, they favour the production of rheumatism and catarrhs ; the sands 
are, therefore, the healthiest soils in this respect. In hot countries the sands 
are objectionable from their heat, unless they can be covered with grass. 
They sometimes radiate heat slowly, and therefore the air is hot over them day 
and night. ae 

The sun’s rays cause two currents of heat in soil: one wave diurnal, the 
heat passing down in temperate climates to about 4 feet in depth during the 
day, and receding during the night—the depth, however, varying with the 
nature of the soil, and with the season ; the other wave is annual, and in 
temperate climates the wave of summer heat reaches from 50 to 100 feet. 
The line of uniform yearly temperature is from 57 to 99 feet below the surface 

Forbes). 

( Not iy does the amount of radiation differ in different soils, but a change 
is produced in the heat by the kind of soil. The remarkable researches of 
Tyndall have shown, that the heat radiated from granite passes through aqueous 
vapour much more readily than the heat radiated by water (though the passage 
is much more obstructed than in dry air). In other words, the luminous heat 
rays of the sun pass freely through aqueous vapours, and fall on water and 
granite ; but the absorption produces a change in the heat, so that it issues 
again from water and granite changed in quality; it will be most important 
for physicians if other soils are found to produce analogous changes. 

With regard to the effect of temperature of the soil on disease, it can hardly 
be doubted that it powerfully influences malaria, and probably also aids the 
progress of cholera. 

Reflection of Light.—This isa matter of colour; the white glaring soils 
reflect light, and such soils are generally also hot, as the rays of heat are also 
reflected. The effect of glare on the eyes is obvious, and in the tropics this 
becomes a very important point. Ifa spot bare of vegetation, and with a 
white surface, must be used for habitations, some good result might be obtained 
by colouring the houses pale blue or green. 


Chemical Composition of the Solid Parts of Soils. 


Vegetable Matters.—Almost all soils contain vegetable matter. It exists 
in three chief forms—deposite, vegetable débris, and encrustations, Deposits 
occur in tracts of land-which have been covered by silt brought down by floods, 
or which have been submerged by subsidence ; forests have been thus buried, 
and again elevated. In the marshes of the Tuscan Maremma, and in many 
other cases, the vegetable forms can be traced without difficulty to a consider- 
able depth, and the structure is even sometimes little changed, although so 
vast a period of time has elapsed. Vegetable débris produced by the decay 
of plants lies on, or is washed into, the soil, and in this way the ground may 
be penetrated to great depths. In some cases, especially in sandy plains at 
the foot of hills, the rain brings down very finely-divided dédris, and is 
filtered as it passes through the soil, so that each particle of sand becomes 
coated over or encrusted with a film of vegetable matter. If such a plain be 
subjected to alternate wettings and dryings, and to heat, the conditions of 
development of malaria may be present in great intensity ; although there is 
not only no marsh, but the sand is to all appearance dry and pure. 

Animal matters.—The remains of animals are found in all but the oldest 
rocks; generally the animal constituents have disappeared, but it is remark- 
able how in some cases, even in geological formations as old as the tertiary 
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strata, some animal matter may be found. On the surface there is perhaps 
no soil which does not contain some animal matters derived from dead animals 
or excreta, although, except in special cases, the amount is small. The soil 
of countries which have been long settled is, however, often highly impure in 
the neighbourhood of habitations from the refuse (animal and vegetable) 
which is thrown out. In some loose soils cess-pits used for fifty years have 
never been emptied, and are still not full, owing to soakage.* Pettenkofer 
conjectures that in Munich 90 per cent. of the excretions pass into the ground. 
In clayey soil there is, of course, much less infiltration than in sandy, and 
often scarcely any. In India, the nitrification of vast tracts of land is for the 
most part owing to the oxidation of animal refuse. 

A. means of purification from animal impregnation has been, however, pro- 
vided by oxidation, and by the influence of growing vegetation. In all soils, 
except the hottest and driest, animal refuse passes into nitrates, nitrites, and 
ammonia and fatty hydrocarbons, rather rapidly, and these are eagerly 
‘absorbed by vegetation. A means is therefore pointed out which may keep 
the soil clear from dangerous animal impregnations, and this is no doubt one 
reason why improvement in public health follows improved cultivation. It 
has become quite clear that in the plans for the disposal of the human and 
animal excreta of towns, whether by wet or dry methods, an essential part of 
the plan is to submit these excreta to the influence of growing plants as soon 
as possible. 

Mineral matters.—An immense number of mineral substances are scattered. 
through the crust of the earth, but some few are in great preponderance, viz., 
compounds of silicon, aluminium, calcium, iron, carbon, chlorine, phosphorus, 
potassium, and sodium. : 

In examining the constituents of the soil round any dwellings, the immediate 
local conditions are of more importance than the extended geological generalisa- 
tions ; it is, so to speak, the house and not the regional geology which is of 
use. Still the general geological conditions, as influencing conformation and 
the movement of water and air through and over the country, are of great 
importance. | 

l. The Granitic, Metamorphic, and Trap Rocks.—Sites on these formations 
are usually healthy ; the slope is great, water runs off readily ; the air 1s com- 
paratively dry ; vegetation is not excessive ; marshes and malaria are compara- 
tively infrequent, and few impurities pass into the drinking water. 

‘When these rocks have been weathered and disintegrated, they are supposed 
to be unhealthy. Such soil is absorbent of water; and the disintegrated 
granite of Hong-Kong is said to be rapidly permeated by a fungus ;+ but 
evidence as to the effect of disintegrated granite or trap is really wanting. 

In Brazilt the syenite becomes coated with a dark substance, and looks like 
plumbago, and the Indians believe this gives rise to “calentura,” or fevers. 
The dark granitoid or metamorphic trap, or hornblendic rocks in Mysore, are 
also said to cause periodic fevers ; and iron hornblende especially was affirmed 
by Dr Heyne of Madras to be dangerous in this respect. But the observa- 
tions of Richter§ on similar rocks in Saxony, and the fact that stations on 
the lower spurs of the Himalayas on such rocks are quite healthy, negative 
Heyne’s opinion. 

2. The Clay Slate-—These rocks precisely resemble the granite and 
granitoid formations in their effect on health. They have usually much 





* Gdttisheim in Basle (Das unterirdische Basel, 1868), 
+ Ost Asiens von C. Friedel, 1863. 
M ‘Williams on Yellow Fever in Brazil, p. 7, 
Schmidt's Jahrbiich, 1864, No. 5. p. 240. 
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elope ; are very impermeable; vegetation is scanty ; and nothing is added: ta: 
air or to drinking water. - ; i, 

They are consequently healthy. Water, however, is often scarce ; and, as 
in the granite districts, there are swollen brooks during rain, and dry water- 
courses at other times swelling rapidly after rains. 

3. The Limestone and Magnesian Limestone Rocks.—These 80 far resemble 
the former, that there is a good deal of slope, and rapid passing off of water. 
Marshes, however, are more common, and may exist at great heights. In that 
case the marsh is probably fed with water from some of the large cavities, 
which, in the course of ages, become hollowed out in the limestone rocks by 
the carbonic acid of the rain, and form reservoirs of water. 

. The drinking water is hard, sparkling, and clear. Of the various kinds of 
limestone, the hard oolite is the best, and magnesian is the worst ; and it is 
desirable not to put stations on magnesian limestone if it can be avoided. 

4, The Chalk,—The chalk, when unmixed with clay and permeable, forms 
a very healthy soil. The air is pure, and the water, though charged with 
carbonate of lime, is clear, sparkling, and pleasant. Goitre is not nearly so 
common, nor apparently calculus, as in the limestone districts. 

If the chalk be marly, it becomes impermeable, and is then often damp and 
cold. The lower parts of the chalk, which are underlaid by gault clay, and 
which also receive the drainage of the parts above, are often very malarious ; 
and in America, some of the most marshy districts are on the chalk. 

5. The Sandstones.—The permeable sandstones are very healthy ; both soil 
and air are dry; the drinking water is, however, sometimes impure. If the 
sund be mixed with much clay, or if clay underlies a shallow sand-rock, the 
site is sometimes damp. 

The hard millstone grit formations are very healthy, and their conditions 
resemble those of granite. 

6. Gravels of any depth are always healthy, except when they are much 
below the general surface, and water rises through them. Gravel hillocks are 
the healthiest of all sites, and the water, which often flows out in springs near 
the base, being held up by underlying clay, is very pure. 

7. Sands.—There are both healthy and unhealthy sands. The healthy are 
the pure sands, which contain no organic matter, and are of considerable 
depth. The air is pure, and so is often the drinking water. Sometimes the 
drinking water contains enough iron to become hard, and even chalybeate. 
The unhealthy sands are those which, like the subsoil of the Landes, in 
south-west France, are composed of siliceous particles (and some iron), held 
together by a vegetable sediment. 

In other cases sand is unhealthy, from underlying clay or laterite near the 
surface, or from being so placed that water riscs through its permeable soil 
from higher levels. Water may then be found within 3 or 4 feet of the 
surface; and in this case the sand is unhealthy, and often malarious. 
Impurities are retained in it, and effluvia traverse it. 

In a third class of cases, the sands are unhealthy because they contain 
soluble mineral matter. Many sands (as, for example, in the Punjab), con- 
tain much carbonate of magnesia and lime salts, as well as salts of the 
alkalies. The drinking water may thus contain large quantities of sodium 
chloride, sodium carbonate, and even lime and magnesian salts and iron. 
‘Without examination of the water, it is impossible to detect these points, 

8. Clay, Dense Marls, and Alluvial Soils generally.—These are always to 
be regarded with.suspicion. Water neither runs off nor runs through; the 
air is moist ; marshes are.common ; the composition of the water varies, but it 
is often impure with lime and soda salts. . In alluvial soils there are often 
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alternations ‘of. thin strata of sand, and sandy impermeable clay: mu 
vegetable matter is often mixed with this, and a aud’ waler are both Bene 
Vast tracts of ground in Bengal and in the other parts of India, along the 
course of the great rivers (the Ganges, Brahmapootra, Indus, Nerbudda, 
Krishna, &c.), are made up of soils of this description, and some of the most 
important stations even up country, such as Cawnpore, are placed on such 
sites. 

The deltas of great rivers present these alluvial characters in the highest 
degree, and should not be chosen for sites. If they must be taken, only the 
most thorough drainage can make them healthy. It is astonishing, however, 
what good can be effected by the drainage of even a small area, quite 
insufficient to affect the general atmosphere of the place ; this shows that it is 
the local dampness and the effluvia which are the most hurtful. 

9. Cultivated Soile.—Well-cultivated soils are often healthy, nor at present 
has it been proved that'the use of manure is hurtful. Irrigated lands, and 
especially rice fields, which not only give a great surface for evaporation, but 
also send up organic matter into the air, are hurtful. In Northern Italy, 
where there isa very perfect system of irrigation, the rice grounds are ordered 
to be kept 14 kilometres (= 8-7 miles) from the chief cities; 9 kilometres 
(=5°6 miles) from the lesser cities and the forts; and 1 kilometre (= 1094 
yards) from the small towns, In the rice countries of India this point should 
not be overlooked. 

10. Made Soils.—The inequalities of ground which is to be built upon are 
filled up with whatever happens to be availuble. Very often the refuse of a 
town, the cinders, or dust-heaps, after being raked over, and any saleable part 
being removed, are used for this purpose. In other cases, chemical or factory 
refuse of some kind is employed. The soil under a house is thus often 
extremely impure. It appears, however,* that the organic matters in soil 
gradually disappear by oxidation and removal by rain, and thus a soil in time 
purifies itself. ‘The length of time in which this occurs will necessarily depend 
on the amount of impurity, the freedom of access of air, and the ease with 
which water passes through the soil. In the soil at Liverpool, made from, 
cinder refuse, vegetable matters disappeared in about three years ; textile 
fabrics were, however, much more permanent ; wood and straw, and cloth, 
were rotten and partially decayed in three years, but had not entirely 
disappeared. In any made soil, it should be a condition that the transit of 
water through its exit from the soil shall be unimpeded. . The practice of fill- 
ing up inequalities is certainly, in many cases, very objectionable, and should 
only be done under strict supervision. 


Sus-Section III. 


Malarious Soils.—Doubts have been expressed whether those paroxysmal 
fevers, which are curable by quinine, are produced either by telluric effluvia, 
or by substances passing from the soil into the drinking water. The evidence, 
however, appears to me conclusive in favour of both these modes of entrance 
into the body, although the particular agency (whether a plant or some non- 
organised efiluvium) has not been recognised. I presume it may now be 
assumed that such fevers are not produced by heat or electricity, or great 
exercise in the sun, or chill, or any other alleged cause of the kind, but must 
own a special and constant agent which can hardly be a gas. The efficient 
condition is apparently some kind of decomposition or fermentation going on 


re See Report on the Health of Liverpool, by Dr Burdon Sanderson, and the author, p. 9, 
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in the soil, especially when the conditions come together of organic matter in 
the soil, of moisture, heat, and limited access of air. 

If it be asked, What exact chemical conditions of soil produce the malaria 
which causes periodical fevers ? the answer cannot be given, because no great 
chemist has ever systematically prosecuted this inquiry, and, in fact, it may 
be said that, singularly enough, there are few good analyses of malarious soils, 
although no problem is perhaps more important to the human race. It seems 
pretty clear that the mineral constituents of the soil are of little or no conse- 
quence, Malaria will prevail on chalk, limestone, sand, and even, under 
special conditions, on granite soils. 

The following soils have been known to cause the evolution of the agent 
causing periodical fevers in the malarious zone. 

1. Marshes.—Except those with peaty soils, those which are regularly over- 
flowed by the sca (and not occasionally inundated),* and the marshes in the 
southern hemisphere (Australia, New Zealand, New Caledonia), and some 
American marshes, which, from some as yet unknown condition, do not pro- 
duce malaria. 

The chemical characters of well-marked marshes are a large percentage of 
water, but no flooding ; a large amount of organic matter (10 to 45 per cent.) 
with variable mineral constituents ; silicates of alumina; sulphates of lime, 
magnesia and alkalies ; carbonate of lime, &c. The surface is flat, with a 
slight drainage ; vegetation is generally abundant. 

The analyses of the worst malarious marshes show a large amount of vege- 
table organic matter. A marsh in Trinidad gave 35 per cent.; the middle 
layer in the Tuscan Maremma 30 per cent. The organic matter is made up 
of humic, ulmic, crenic, and apocrenic acids—all substances which require re- 
newed investigation at the hands of chemists. Vegetable matter embedded 
in the soil decomposes very slowly ; in the Tuscan Maremma, which must 
have existed many centuries, if not thousands of years, many of the plants 
are still undestroyed. The slow decomposition is much aided by heat, which 
makes the soil alkaline from ammonia (Angus Smith), and retarded by cold, 
which makes the ground acid, especially in the case of peaty soils. - 

It would now seem tolerably certain that the growing vegetation covering 
marshes has nothing to do with the development of malaria. 

2. Alluvial Soils—Many alluvial soils, especially, as lately pointed out by 
Wenzel,t those most recently formed, give out malaria, although they are not 
marshy. Itis to be presumed that the newest alluvium contains more organic 
matters and salts than the older formations. Many alluvial soils have a flat 
surface, a bad outfall, and are in the vicinity of streams which may cause 
great variations in the level of the ground water. Mud banks also, on the 
side of large streams, especially if only occasionally covered with water, may 
be highly malarious ; and this is the case also with deltas and old estuaries, 

3. The soils of tropical valleys, ravines, and nullahs. In many cases large 


* The effect of salt water on marshes is a problem which has been much debated, and I 
believe the statement in the text reconciles most opinions. It was the older writers ey ivine, 
Lancisi, and Pringle) who insisted on the noxious qualities of exhalations from marshes with 
water containing salt, and there is certain evidence that the occasional overflowing of the sea 
in some of the Italian marshes, for example, has been followed by a great development of 
paroxysmal fevers. But there is much evidence similar to that given by Robert Jackson, who 
says (Fevers in Jamaica, 1791, p. 4):—‘I have never found the neighbourhood of salt 
marshes, in the different parts of America that I have had an opportunity of visiting, less 
healthful than the rest of the country ; on the contrary, they were frequently more so.” And 
the case of Singapore, which has created such surprise, and is cited even by Hirach as an ex- 
ceptional case, is of this kind ; the regular tidal overflow, though it causes the development of 
much sulphuretted h n, prevents the formation of malaria. ; 

+ Quoted by Hirsch . dahresb., fiir die Ges. Med., 1870, band_ii. p. 209, 
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quantities of vegetable matter collect in valleys, and if there is any narrowing 
at the outlet of the valley, the overflow of the rains may be impeded. Such 
valleys are often very malarious, and the air may drift up to the height of 
several hundred feet. 

4. Sandy plains, especially when situated at the foot of tropical hills, and 
covered with vegetation, as in the case of the “Terai” at the base of some 
parts of the Himalayan range. In other cases, the sandy plains are at a dis- 
tance from hills, and are apparently dry, and not much subjected to the 
influence of variations in the ground water. The analysis of such sand has 
not been yet properly made, but two conditions seem of importance. Some 
sands, which to the eye appear quite free from organic admixture, contain 
much organic matter. Fauré has pointed out that the sandy soil of the 
Landes in south-west France contains a large amount of organic matter, which 
is slowly decomposing, and passes into both air and water, causing periodical 
fevers. This may reasonably be conjectured to be the case with other 
malarious sands. Then, under some sands, a few feet from the surface, there 
is clay, and the sand is moist from evaporation. Under a great heat a small 
quantity of organic matter may thus be kept in a state of change. This is 
especially the case along the dried beds of water courses and torrents; there 
is always a subterranean stream, and the soil is impregnated with vegetable 
matter. In other cases the sands may be only malarious during rains when 
the upper stratum is moist. 

5. Certain hard rocks (granitic and metamorphic) have been already noticed 
(p. 339), especially when weathered, to have the reputation of being 
malarious ; more evidence is required on this point. As Friedel justly 
remarks of Hong-Kong, it is not the disintegrated granite, per se, which causes 
the fever, but the soil of the woods and dells, and the clefts in the rocks, 
which were derived from the granite, and are soon filled with a cryptogamic 
vegetation. 

The magnesian limestone rocks which have been subjected to volcanic 
action have also been supposed to be especially malarious (Kirk, who instances 
the rocks at Sukkar), but the evidence has not been yet corroborated. 

6. Iron Soils.—Sir Ranald Martin has directed attention to the fact that 
many reputed malarious soils contain a large proportion of iron. No good 
evidence has been adduced that this is connected with malaria, but the point 
requires further examination. The red soil from Sierra Leone, which con- 
tains more than 30 per cent. of oxides of iron, shows nothing which appears 
likely to cause malaria.* The peroxide of iron is a strong oxidising agent, 
readily yielding oxygen to any oxidisable substance, and regaining oxygen 
from the air. It may, therefore, assist in the oxidation of vegetable matter 
in an iron soil.f 

7. In certain cases attacks of paroxysmal fever have arisen from quite 
localised. conditions unconnected with soil, which seem, however, to give some 
clue to the nature of the process which may go on in malarious ground. 

Friedel mentions that in the Marine Hospital at Swinemiinde, near Stettin, 
a large day-ward was used for convalescents. As soon as any man had been 





* Analysis of the Red Earth of Sierra Leone, by Assistant-Surgeon J. A. B, Horton, M.D., 
sha pti Department Blue-Book, vol. viii. p. 338. 

+ The surface soil of the Gold Coast (Connor’s Hill, Cape Coast Castle), has also been 
analysed by Mr. J. H. Warden, F.C.S. (Indian Medical Service). It contained only 3°28 per 
cent. of ferric oxide, and a trace of ferrous oxide; the organic matter was only 4°4 per cent. 
The surface soil is only eight inches thick, and below this is a stratum of a dark red colour, 
like burnt bricks, probably containing more iron. The ae above-mentioned was brought 
home by pareeon maior J. Fleming, A.M.D. (Army Medical Reporta, vol, xiv. p. 264). 

tf Ost. Asiens. Berlin, 1863, p. 338. 
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in this ward for two or three days, he got a bad attack of tertianague. In 
no other ward did this occur, and the origin of the fever was a mystery, 
until, on close inspection, a large rain cask full of rotten leaves and brushwood 
was found; this had overflowed, and formed a stagnant marsh of 4 to 6 
square feet close to the doors and windows of the room, which, on account of 
the hot weather, were kept open at night. The nature of the effluvium was 
not determined. 

Dr Holden* relates an instance in which, on board a ship at sea, eight cases 
of ague occurred from the emanations of a large quantity of mould which had 
formed in some closed store-rooms, which were exposed to the bilge water.t+ 


SECTION II 


EXAMINATION OF SOIL, 


Mechanical Condition of Soil.—The degree of density, friability, and 
penetration by water, should be determined both in the surface and subsoil. 
Deep holes, 6 to 12 feet, should be dug, and water poured on portions of the 
soil. Holes should be dug after rain, and the depth to which the rain has 
penetrated observed. In this way the amount of dryness, the water-level, 
and the permeability, can be easily ascertained. 

The surface or subsoil can also be mechanically analysed by taking a 
weighed quantity (100 grammes), drying it, and then picking out all the 
large stones and weighing them, passing through a sieve the fine particles, and 
finally separating the finest particles from the coarser by mixing with water, 
allowing the denser particles to subside, and pouring off the finer suspended 
particles, The weight of the large stones, plus the weight of the stones in the 
sieve and of the dried coarser particles, deducted from the totel weight, gives 
the amount of the finely divided substance, which is probably silicate of 
aluminium. 

Temperature.—The temperature at a depth of 2 or 3 feet, at 2 to 4 o’clock 
in the afternoon, would be an important point to determine in the tropics, 
and also the temperature in early morning. At present such observations, 
though very easily taken, and obviously very instructive, are seldom, if ever 
made, although a commencement in that direction has been made in the 
investigations of Messrs Lewis and Cunningham at Calcuttat. It might also 
be useful to take a certain depth of soil, say 6 inches, and, placing a thermometer 
in it, determine the height of the thermometer on exposure to the sun’s rays 
for a given time at a certain hour. 

Chemical Examination.—The chemical constituents of soil are, of course, 
as numerous as the elements; more than 500 minerals have been actually 
named. But certain substances are very rare, and, for the physician, the 
chief constituents of soils are the following substanees or combinations :— 
Silica, alumina, lime, iron, magnesia, chlorine, carbonic acid, phosphoric acid, 
nitric acid. A few simple tests are often very useful, if we are uncertain 
what kind of rock we have to deal with. Few persons could mistake granite, 
trap, gneiss, or rocks of that class; or clay-slate or crystalline limestone. 
But fine white sandstones, or freestone, or even fine milistone grit, might be 
confounded with lime rocks, or magnesian limestone, A few drops of 





* American Journal of Med. Science, January 1866. 

+ Staff-surgeon P. Mansfield, R.N., recounts an outbreak of yellow remittent fever on board 
Ship at Rio, coincident with the growth of an enormous quantity of gigantic fungus in the hold, 
It on ne however, thut this was more than a coincidence. 

. ott. 
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hydrochloric acid will often settle the question, as it causes effervescence in 
.the carbonates of lime and magnesian rocks.* 


A more complete cxamination should include the following points :-— 
1. Percentage of Water.—Take 10 grammes of a fair sample of soil, and 


‘dry at a heat of 220°; weigh again; the difference is water or volatile 
substance, 


2. Percentage of volatile matters (including water), destroyed by incinera- 
tion.—Take another weighed portion of soil and incinerate at a full red heat ; 
recarbonate with carbonic acid solution, or with ammonium carbonate ; heat 
to expel excess of ammonia ; dry and weigh. 


3. Absorption of Water.—-Place the dried soil in a still atmosphere, on a 
plate in a thin layer, and reweigh in 24 hours; the increase is the absorbed 


* It may be useful to give (from Page’s ‘‘ Handbook of Geological Terms ”) a few composi- 
tions, and to define a few of the common mineralogical words used in geology. 
Quarlz.—Crystallised silica. : . 
_ £elspar.—Silica, alumina (trisilicate of alumina), potash, or soda, and a little lime, magnesia, 
and ferric oxide, crystallised or amorphous. 
Mica.—Silica, alumina, ferric oxide and potash, or magnesia, or lime, or lithia. 
Chlorite.—Mica, but with less silica and more magnesia and iron. 
Granite.—-Composed of quartz, telspar, and mica. 
Syentte, ~Hornblende instead of mica. 
Syenttte grantte.-—Quartz, felspar, mica, and hornblende. 
asain elements as granite, but the crystals of quartz and felspar are broken and 
indistinct. ; 
Hornblende,—A mineral entering largely into granite and trappeun rocks, composed of silica 
(47 ~ 60), magnesia (14 to ¢ 8), lime (7 to 14), with a little alumina, fluorine, and ferrous 
oxi 


e, 

Augite,— Like hornblende, only less silica Van not resist acids). 

patie irra augite, only with very little lime ; it contuins silica, magnesia, and iron ; 
resists acids. 

dadincrien —Hard granylar crystalline varieties of trap, felspar, and hornblende, or felspar 
and augite. 

Basalt.—Augite and felspar, olivine, iron pyrites, &c. 

Trap.—-Tabular greenstone and basalt, ; 

Schist.—A term applied to the rocks mentioned above, when they are foliated or split up into 
irregular plates, 

Clay ~Slite.—-Argillaceous arenaceous rocks, with more or less marked cleavage. 

Limestone.-~—All varieties of hard rocks, consisting chiefly of carbonate of lime. 

Oolite.—Limestone made up of small rounded grains, compact or crystalline, like the roe of 


a fish. 

Chalk.—Boft calcium carbonate. 

Magnesian Limestone.—Any limestone containing 20 per cent. of a salt of magnesia, fre- 
quently not crystallised. 

Dolomite.—Crystallised magnesian limestone. 

Kunkur.- -A term ysed in India to denote nodular masses of impure calcium carbonate, 

Gypsum —Selentte. —Sulphate of calcium. 

ae roe and rounded fragments of any rock, chiefly quartz ; size, from a pea 
to a hen’s egg. 

.. Sand, -—Same, only particles less than a pea, 

paneeens -- Conecuaaiee sand ; the particles held together often by lime, clay, and ferric 
oxide. 

Freestone.—Any rock which can be cut readily by the builder ; usually applied to sandstone. 

Millstone grit.—-Hard gritty sandstone of the carboniferous series, used for millstones, Grit 
is ay term generally used when the particles are larger and sharper than in ordinary 
sandstone. 

Clay.—Silicate of alumina. 

Greensand,—Lower portion of the chalk system in England ; sand coloured by chloritous 
silicate of iron. 

Marl.—Lime and clay. 

Laterite.—A term much used in India to denote a more or less clayey stratum which underlies 
much of the sand in Bengal, some parts of Burmah, Bombay presidency, &c. 

ei bain —Rocks composed of consolidated gravels (1.¢., the fragments water-worn and 
rounded), 

Brecota, Rooke composed of angular (not water-worn) fragments (volcanic breccia, osseous 
breccia, calcareous phere A 

' Shale,—A term applied to all clayey or sandy formations with lamination ; it is often consol{- 

dated and hardened mud. “ 
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water. An equal portion of pure sand should be treated in the same way as 
a standard. It would be well to note the humidity of the air at the time. 

4, Power of holding Water.—Thoroughly wet 100 grammes, drain off water 
as far as possible, and weigh ; the experiment is, however, not precise. 

5. Substances taken up by Water.—This is important, as indicating whether 
drinking water is likely to become contaminated. Rub thoroughly 10 
grammes in pure cold water, filter and test for organic matter by chloride of 
gold, or by evaporation and careful incineration; test also for chlorine, 
sulphuric acid, lime, alumina, iron, nitric acid (see WarTER, page 69, for the 
several tests). 

6. Substances taken up by Hydrochloric Acid.—While water takes up the 
chlorides and the sulphates of the alkalies, nitrates, &c., the greater part of 
the lime, magnesia, and alumina are left undissolved. The quantity can be 
best determined by solution in pure hydrochloric acid. 

(a) To 40 grammes of the soil add one ounce of pure hydrochloric acid, 
and heat; note effervescence. Add about 100 C.C. of water. Digest for 12 
hours. Dry and weigh the undissolved portion. 

(o) To the acid solution add ammonia. Alumina and oxide of iron are 
thrown down. Dry and weigh precipitate. 

(c) To the solution filtered from ():add ammonium oxalate. Dry; wash 
and burn the calcium oxalate. Weigh as carbonate (see page 81, footnote). 

(d) To the solution filtered from (c) add sodium phosphate. Collect; dry 
and weigh (100 parts of the precipitate =79 parts of magnesium carbonate) ; 
or determine as pyrophosphato. (See Water.) 

The portion insoluble in hydrochloric acid consists of quartz, clay, silicates 
of alumina, iron, lime, and magnesia. If it is wished to examine it further, 
it should be fused with three times its weight of carbonate of sodium, then 
heated with dilute hydrochloric acid. The residue is silica. ‘The solution 
may contain iron, lime, magnesia, and alumina. Test as above. 

6. Iron.—lIron can be determined by the bichromate of potassium, or by 
the permanganate. As the latter solution is used for other purposes, it 1s 
convenient to employ it in this case. 

Dissolve 10 grammes of the soil in pure hydrochloric acid free from iron, 
by aid of heat. 

Add a little pure zinc, and heat to convert ferric into ferrous salts. Pour 
off the solution from the zinc that is still undissolved, and determine iron by 
potassium permanganate; i.e, heat to 140° and then drop in the solution of 
permanganate till a permanent but slightly pink colour is given. 


Preparation of Potassium Permanganate Solution. 


The solution made for the determination of organic matter in water may be 
used (see page 85), 1 C.C. #0°7 milligramme of pure iron. 


SECTION IIL 
METHOD OF EXAMINING A LOCALITY FOR MILITARY PURPOSES. 


A place should be seen at all times of the year, in the wet as well as in the 
dry seasons, in the autumn and winter as well as in the spring, and at night 
as well as by day. The following order will be found a convenient one :— 

1. Conformation.—Height above sea-level and elevation of hills above the 
plain. (Determine by mercurial barometer or aneroid, or, if possible, get the 
heights from an engineer.) Angle of declivity of hills; amount of hill and 
plain ; number, course, and characters of valleys and ravines in hills; dip of 
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strata ; geological formation ; watersheds and courses; exposure to winds ; 
situation, amount and character of winds; sunlight, amount and duration ; 
rain, amount and frequency ; dust. 

2. Composition.—Mineralogical characters. Presence of animal or veget- 
able substances ; amount and characters. 

3. Covering of soil by trees, brushwood, grass, &c. 

4. Points for special examination.—Amount of air; of moisture. Height 
of subsoil water, at the wettest and driest seasons. Changes in level, and 
rapidity of change of subsoil or ground water. Condition of vegetable con- 
stituents ; examination of substances taken up by water, &c. 

Such a complete examination demands time and apparatus, but it is quite 
necessary. 

A fair opinion can then be formed; but if a large permanent station is to 
be erected, it is always desirable to recommend that a temporary station 
should be put up for a year, and an intelligent officer should be sclected to 
observe the effect on health, to take meteorological observations, and to 
examine the water at different times of the year. Sometimes a spot more 
eligible than that originally chosen may be found within a short distance, and 
the officer should be instructed to keep this point in view. 

The medical officer has nothing to do with military considerations or ques- 
tions of supply, but if he is able to suggest anything for the information of 
the authorities, he should of course do so. 

The opinion of Lind, whose large experience probably surpassed that of his 
contemporaries, and of our own time, should be remembered.* 

In choosing a site for a temporary camp, so elaborate an examination is not 
possible. But as far as possible the same rules should be attended to. There 
is, however, one difference—in a permanent station water can be brought from 
some distance ; in a temporary station the water supply must be near at hand, 
and something must be given up for this.¢ The banks of rivers, if not 
marshy, may be chosen, care being taken to assign proper spots for watering, 
washing, &c., as laid down in the chapter on Water. A river with marshy 
banks must never be chosen in any climate, except for the most imperative 
military reasons ; it is better to have the extra labour of carrying water from 
a distance. 

A site under trees is good in hot countries, but brushwood must be avoided. 


SECTION IV. 


PREPARATION OF SITE FOR MILITARY PURPOSES. 


In any locality intended to be permanently used, the ground should be 
drained with pipe drains. Even in the driest of the loose soils this is desir- 
able, especially in hot climates, where the rainfall is heavy. In impermeable 
rocky districts it is less necessary. The size, depth, and distance of the drains 
will be for the engineer to determine ; but generally deep drains (4 to 8 feet 
in depth, and 12 to 18 feet apart) are the best. If there is no good fall, it 
has been proposed to drain into deep pits ; but usually an engineer will get a 
fall without such an expedient. A good outfall, however, should be a point 
always looked to in choosing a station. These drains are intended to carry 














* ¢¢ {he most healthy countries in the world contain spots of pee where strangers are sub- 
ject to sickness. There is hardly to be found any large extent of continent, or even any island, 
that does not contain some places where Europeans a enjoy an uninterrupted state of health 
oe all seasons of the year.” —Lind, Diseases of Zwropeans in Hot Climates, 4th edition, 


acre See Remarks on thie point, in the Regulations and Instructions for Encampments, p. 2. 
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off entiscil water, and not surface water. “This latter should be provided for 
by shallow drains slong the natural outfalls and valleys, As fat 9s drainag 
is concerned, we have then to provide for mere surface water, and for 
‘water which passes below the surface into the soil and subsoil, = 

Brushwood, should usually be cleared away, but trees left until time is 
given for consideration, In clearing away brushwood, the ground in the 
tropics should be disturbed as little as possible ; and if it can be done, all 
cleared spots should be soon sown with grass. Brushwood should not be 
‘removed from a marsh. 

In erecting the buildings, the ground should be excavated as little 
as possible ; in the tropics especially hills should never be cut away. The 
surface should be levelled, holes filled in, and those portions of the surface, on 
which rain can fall from buildings, well paved, with good side gutters. This 
is especially necessary in the tropica, where it is of importance to prevent the 
ground under buildings from becoming damp ; but the same principles apply 
everywhere. 

In a temporary cainp so much cannot be done ; but even here it is desirable 
to trench and drain as much as possible. It not unfrequently happens in war 
that a camp intended to stand for two or three days is kept up for two or three 
weeks, or even months, As soon as it is clear that the occupation is to be at 
all prolonged, the same plans should be adopted as in permanent stations. 
Tho great point is to carry off water rapidly, and it is astonishing what a few 
well-planned surface drains wil] do. 

The Rules for improving the healthiness of a site may be thus summarised :— 

1. Drain subsoil and lower the level of the ground water. 

2. Pave under houses, so as to prevent the air from rising from the ground. 

3, Pave or cover with short grass all ground near buildings in malarious 
districts, 

4. Keep the soil from the penetration of impurities of all kinds by proper 
arrangements for carrying away rain, surface, and house water and house im- 
puritics, 


CHAPTER IX. 
HABITATIONS. 


WHOEVER considers carefully the record of the medieval epidemics, and secks 
to interpret them by our present knowledge of the causes of disease, will, I 
believe, become convinced that one great reason why those epidemics wero so 
frequent and so fatal was the compression of the population in faulty habita- 
tions. Ill-contrived and closely packed houses, with narrow streets, often 
made winding for the purpose of defence ; a very poor supply of water, and 
therefore a universal uncleanliness ; a want of all appliances for the removal 
of excreta ; a population of rude, careless, and gross habits, living often on 
innutritious food, and frequently exposed to famine from their imperfect 
system of tillage,—such were the conditions which almost throughout the 
whole of Europe enabled diseases to attain a range, and to display a virulence, 
of which we have now scarcely a conception. The more these matters are ex- 
amined, the more, I believe, shall we be convinced that we must Iovk, not to 
grand cosmical conditions ; not to earthquakes, comets, or mysterious waves 
of an unseen and poisonous air; not to recondite epidemic constitutions, but 
to simple, familiar, and household conditions, to explain the spread and fatality 
of the medizval plagues. 

The diseases arising from faulty habitations are in great measure, perhaps 
entirely, the diseases of impure air. The site may be in fault; and from a 
moist and malarious soil excess of water and organic emanations may pass into 
the house. Or ventilation may be imperfect, and the exhalations of a crowded 
population may accumulate and putrefy ; or the excretions may be allowed to 
remain in or near the house ; or a general uncleanliness, from want of water, 
may cause a persistent contamination of the air. And, on the contrary, these 
five conditions insure healthy habitations :— 


1. A site dry and not malarious, and an aspect which gives light and 
cheerfulness. 

9. A ventilation which carries off all respiratory impurities. 

3. A system of immediate and perfect sewage removal, which shall 
render it impossible that the air shall be contaminated from 
excreta. 

4, A pure supply and proper removal of water; by means of which per- 
fect cleanliness of all parts of the house can be insured. 

5. A construction of the house which shall insure perfect dryness of the 
foundation, walls, and roof. 


In other words, perfect purity and cleanliness of the air are the objects to 
be attained. This is the fundamental and paramount condition of healthy 
habitations ; and it must over-ride all other considerations. After it has been 
attained, the architect must engraft on it the other conditions of comfort, con- 
venience, and beauty. 

The inquiries which have been made for the last thirty years in England 
have shown how badly the poorer classes are lodged, both in town and. 
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country, and how urgent is the necessity for improvement. Various Acts* 
have been passed for the purpose of improving labourers’ cottages and other 
small dwellings, but either from the powers being insufficient, or from the 
difficulty of proving that a dwelling is injurious to health, unless it is in 
extremely bad condition, these Acts have had little effect. 

Up to a certain point, there is no difficulty in insuring that a small house 
shall be as healthy as a large one. The site and foundations can be made as 
dry, the drains as well arranged, the walls and roofs be as sound, and the 
water supply as good as a house of much larger rental. In fact, in one 
respect, the houses of the poor are often superior to those of the rich, for the 
sewers do not open directly into the houses, and sewer air is not breathed 
during the night. But the difficulty in the houses of the poor is the over- 
crowding, and the impregnation of the walls with foul effluvia and deposits. 
Considerations of cost will probably always prevent our poor class of houses 
from having sufficient floor and cubic space. These two special difficulties 
must be met by improved means of warming and ventilation, and by covering 
the interior walls with a coment which is non-absorbent, and which can be 
washed. Perhaps, also, improvements in using cement, or other plans, will 
eventually so lessen the cost of building that larger rooms can be given for 
the same rental, and the poor be taught to prize the boon of an abundant 
allowance of air, and not seek to lessen it by crowding and underletting. 

Dryness of the foundation and walls of a home is secured by draining the 
subsoil, 4 to 9 feet below the foundation,+ and, in very wet clay soil, by 
paving or cementing under the entire house.t The walls are kept dry by 
being imbedded in concrete, which is brought up to the ground level, or by 
the insertion in the walls themselves of a waterproof course of slate, asphalt, 
or what is better, of ventilating vitrified thin bricks (as devised by Mr 
Taylor). 

On = damp soils, when a house has no cellar, the flooring ought to be 
raised 2 feet above the ground, and the space below should be well ventilated. 
In the tropics, the houses are often raised on arches 3 to 5 feet above the 
ground, Drynessof walls is best secured by hollow walls,§ or coating the 
walls with cement, which is kept painted, or with slates. Terra-cotta slabs 
have been used, and liquid preparations (chiefly alkaline silicates) have been 
brushed over the surface of brick and stone. Bricks are often extremely 
porous,|| and a brick wall will absorb many gallons of water.4] 

Dryness of the roof should be carefully looked to im every case, as water 
often gets to the walls through a bad roof, and the whole house becomes 
damp. 

The condition of the basements or cellars, if they exist, requires attention, 





* Labouring Classes Dwelling-honse Act, 1866; An Act to provide better Dwellings for 
Artisans and Labourers, 1868; Artisan’s Dwellings Act, 1875; various clauses in the different 
Public Health Acts. ; 
ai as the walls of old ricketty cottages may be thoroughly dried by this means, (Rogers 

ield), 

t Yor a good diagram of a plan for avoiding damp, see Bailey Denton’s ‘‘ Sanitary Engineer. 
ing,” Plate I. p. 56. 

§ Jenning’s patent Bonding Brick is a food plan for preventing moisture penetrating from 
the outer to the inner skin of a hollow wail. It is a hollow, vitrified brick, curved upwards at 
an angle of 45°, so that no water can pass along it. 

| An ordinary brick will hold about 16 oz. of water. 

{ Bricks imperfectly burned on the outside of the kiln are termed Place, or Samel, or Sandel 
bricks. ‘They absorb much water. The sun-dried bricks of India are very damp, and absorb 
water from the air. I am not aware of the absorbing power of the bricks made by compression 
without burning. Many sandstones are very porous; water heats into them and rises Nigh b 
capillary attraction. Lime made from chalk absorbs water. Pisé is compressed earth, 
unless covered with cewent, is moist. i 
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as the air of the house is so often drawn directly from them. They should 
be dry; and thoroughly well ventilated, and the house pipes, if they run 
down to the basement, should be always uncovered so as to be easily 
inspected, and any bad-fitting joint, or crack, or imperfect trap, if there be 
one inside the house, be at once remedied. 

The carrying off of rain water, so as not to sink into the ground near the 
house, is a matter of importance. . 

The other points which are necessary to secure a healthy house, viz., good 
aspect and external ventilation, and sufficient room ventilation, absence of all 
conditions outside the house which can contaminate air entering it, a proper 
water supply, and due care in removing excreta, are discussed in their respec- 
tive chapters. 

In examining a house to discover the sources of unhealthiness, it is best to 
begin at the foundation, and to consider first the site and basements, then the 
living and sleeping rooms (as to size, cubic contents, and number of persons, 
and condition of walls and floors), ventilation, water supply, and plans of 
waste and sewer-water removal, in regular order. 

The following memorandum as to the way in which engineers examine a 
house has been kindly given me by my friend Mr William Eassie, C.E. 


MEMORANDUM. 
What is usually done by Sanitary Engineers when inspecting a House. 


Sanitary enginecrs consider that an unusual smell is generally the first evidence of 
something wrong, and that, traced to its source, the evil is halfcured. They inspect first 
the drainage arrangements. If the basement generally smells offensively, they search for 
a leaking drain-pipe, i.¢., a pipe badly jointed or broken by settlement, and these will 
often show themselves by a dampness of the paving around. If, upon inquiry, it turns 
out that rats are often seen, they come to the conclusion that the house drain is in direct 
communication with the sewer, or some old brick barrel-drain, and therefore examine 
the traps and lead bends which join the drain-pipes to see if they are gnawed or faulty. 
If the smell arises from any particular sink or trap, it is plain to them that there is no 
ventilation of the drain, and more especially no disconnection between the house and 
the sewer, or no flap-trap at the house-drain delivery into the sewer. If a country house 
be under examination, a smell at the sink will, in nearly every case, be traced to an 
unventilated cesspool ; and, in opening up the drain under the sink, in such a state of 
things, they will take care that a candle is not brought near, so as to cause an explosion, 
If the trap is full of foul black water, impregnated with sewer air, they partly account 
for the smell by the neglect of flushing. If the sink, and kitchen, and scullery wastes 
are in good order and the smell is still observable, they search the other cellar rooms, and 
frequently find an old floor-trap without water, broken and open to the drain. Ifthe 
smell be ammoniacal in character, they trace the stable-drains and see if they lead into 
the same pit, and if so, argue a weak pipe on the route, especially if, as in some London 
mansions, the stable-drains run from the mews at the back, through the house to the 
front street sewer. ; 

Should a bad persistent smell be complained of mostly in the bedroom floor, they seek 
for an untrapped or defective closet, a burst soil-pipe, a bad junction between the 
lead and the cast iron portion of the soil-pipe behind the casings, &c., or an improper 
connection with the drain below. They will examine how the soil-pipe is jointed there, 
and, if the joint be inside the house, will carefully attend to it. They will also remove 
the closet framing, and ascertain if any filth has overflowed and saturated the flooring, or 
if the safe underneath the apparatus be full of any liquid. If the smell be only occasional, 
they conclude that it has arisen when the closet handie has been lifted in ordinary use 
or to empty slops, and satisfy themselves that the nie a unventilated. They, more- 
over, examine the bath and lavatory waste-pipes, if they are sj He and if trapped 
by a sigmoidal bend, whether the trapping water is not always withdrawn owing to the 
syphon action in the full running pipe. They will trace all these waste-pipes down to 
the sewer, ascertain if they wrongly enter the soil-pipe, the closet-trap, or a rain water- 
pipe in connection with the sewer. : 

f the smell be perceived for the most in the attica, and, as they consider, scarcely 
attributable. to any of the foregoing evils, they will see whether or not the rain water 
pipes which terminate in the gutters, are solely acting as drain ventilators, and blowing 
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into the dormer windows. They will also examine the cisterns of rain water, if there be 
any in the other portions of the attics, as very often they are full of putridity. 

A slight escape of impure air from the drains may be difficult to detect, and the smell 
may be attributed to want of ventilation, or a peel ape a of matters may arise from a 
slight escape of gas. Neither areal] dangerous smells of a foul nature, as there is a clore 
sweet smell which is even worse. Should the drains and doubtful places have been pre- 
viously treated by the inmates to strongly smelling disinfectants, or the vermin killed by 
‘poison, the inspectors of nuisances will find it difficult to separate thesmells. In such a case, 

owever, they will examine the state of the ground under the basement flooring, and feel 
certain that there are no disused cesspools or any sewage saturation of any sort. They 
will also ascertain if there be any stoppage in the drain-pipes, by taking up a yard trap 
in the line of the drain march, and noting the reappearance of the lime water which they 
had thrown down the sinks. And invariably, after effecting a cure for any evil which 
‘had heen discovered, they will leave the traps cleaned out and the drains well flushed. 

Besides the drainage, they will, especially if they detect a bad and dank smell, see if 
it arises from the want of a damp-proof course or of a dry area, see if there be a wet soil 
under the basement floor, a faulty pipe inside the wall, an unsound leaden gutter on the 
top of the wall, or an overflowing box gutter in the roof, a leaky slatage, a porous wall, 
a wall too thin, and so on. 

They will also keep an eye apon the condition of the ventilating arrangements, an 
whether the evils complained of are not mainly due to defects there. The immediate 
surroundings of the house will also be noted, and any nuisances estimate. 

Sanitary inspectors, whilst examining into the condition of the drains, always examine 
the water cisterns at the same time, and discover whether the cistern which yields the 
drinking water supplies as well the flushing water of the closets. They will also ascertain 
if the overflow pipe of this cistern, or if a separate drinking water cistern, passes directly 
into the drain. 

If the overflow pipe be syphon-trapped and the water rarely changed in the trap, or 
only when the ball-cock is out of order, they will point out the fallacy of such trapping; 
and, speaking of ie generally, they will look suspiciously on every one of them, 
ie enka to render them supererogatory by a thorough ventilation and disconnection of 
the drains. 


SECTION IL 
Hospita.s. 


Gencral Remarks. 


Of late years a great number of works (English, French, German, and 
American) have been written on the construction of hospitals. This has been 
especially owing to the celebrated ‘ Notes on Hospitals,” published by Miss 
Nightingale, after the Crimean war—a work the importance of which it is 
impossible to over-rate—and to the very useful pamphlets of Mr Roberton of 
Manchester. Among military writcrs, Robert Jackson in this, as in all 
other points, takes the first rank, and his observations on the construction of 
hospitals are conceived entirely in the spirit of the best writings of the 
present day. In the short space which can be given to the subject here, I can 
merely condense what has been best said on the subject, as applied especially 
to military hospitals.+ In the first place, however, a few words are necessary 
on the general question. 

Although the establishment of hospitals is a necessity, and marks the era 
of an advanced civilisation, it must always be remembered that if the crowd- 
ing of healthy men has its danger, the bringing together within a confined area 
many sick persons is far more perilous. The risks of contamination of the 


* Much useful information will also be obtained from Sanitary Arrangements for Dwellings, 
by W. Eassie, C.E., and from Sanitary Engineering, by J. Bailey Denton, C.E. 

- + For fuller details, Captain Galton’s work on Hospital should be consulted. See also 
Five Essays on Hospital Plans, contributed for the John Hopkins Hospital scheme (Wood 
_ a , ee art ; sad “i ome cee taarvig ea al eiemary, Ber ease Radcliff, Esq. ; 

orts on St. Mary’s Hospi ington, . de umont, M.D. ; ter. in Roth. 
ana Lex, Milif. Gesundheitspflege ; papee ti the Practitioner, March 1877, . . 
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air, and of impregnation of the materials of the building with morbid sub- 
stances, are so greatly increased, that the greatest care is necessary thut 
hospitals shall not become pest-houses, and do more harm than good. We 
must always remember, indeed, that a number of sick persons are merely 
brought together in order that medical attendance and nursing may be more 
easily and perfectly performed. The risks of aggregation are encountered 
for this reason ; otherwise it would be far better that sick persons should be 
separately treated, and that there should be no chance that the rapidly chang- 
Ing, and in many instances putrefying substances of one sick body should pass 
into the bodies of the neighbouring patients. There is, indeed, a continual 
sacrifice of life from diseases caught in, or aggravated by hospitals. The many 
advantages of hospitals more than counterbalance this sacrifice, but it should 
be the first object to lessen the chance of injury to the utmost. The risk of 
transference or aggravation of discase is least in the best ventilated hospitals. 
A great supply of air, by immediately diluting and rapidly carrying away the 
morbid substances evolved in such quantities from the bodies and excretions 
of the sick, reduces the risk to its minimum, and perhaps removes it altogether. 
But the supply of air must be enormous ; we are not in a position to say how 
much, but I question whether even the large quantity of 4000 cubic feet per 
head per hour, now assigned by the best observers, will not be found to be 
far below the proper amount for the acute and febrile diseases.* 

The causes of the greater contamination of the air of hospitals are these :— 

1. More organic effluvia are given off from the bodies and excretions of sick 
men. These are only removed by the most complete ventilation. 

2. The medical and surgical management of the sick necessarily often 
exposes to the air excretions, dressings, foul poultices, soiled clothes, &c., and 
the amount of substances thus added to the air is by no means inconsiderable, 
even with the best management. 

3. The walls and floors of hospitals absorb organic matters and retain them 
obstinatcly, so that in some cases of repeated attacks of hospital gangrene in a 
ward it has been found necessary to destroy even the whole wall. Continual 
drippings on the floor of substances which soak into the boards and through 
crevices, and collect under the floor, also occur, and thus collections oxist of 
putrefying matters which constantly contaminate the air. 

4. The bedding and furniture also absorb organic substances, and are a 
great cause of insalubrity. 

5. Till very recently, even in the best hospitals, the water-closcts and urinals 
were badly arranged, and air passed from these places into tho wards. 

In addition to the necessary amount to dilute and remove these substances, 
the freest supply of air is also now known to be a curative means of the 
highest moment ; in the cases of the febrile diseases, both specific and 
symptomatic, it is indeed the first essential of treatment ; sometimes, especially 
in typhus and smallpox, it even lessens duration, and in many cases it renders 
convalescence shorter. t 


* In my paper, On the Theory of Ventilation, (Proceedings of the Royal Society 1875), 
I have shown that the smell of organic matter becomes perceptible in hospitals when the 
carbonic acid exceeds the external air ratio by 0°166 per 1000, whereas in barracks it is not 
received until it has passed 0°208 per 1000; so that, if 3000 cubic feet be the minimum Se 
toa for health, not less than 4000 must be adopted for even ordinary cases of disease, and as 
much more as can be obtained for surgical or febrile diseases. (F. de C.) ec ee 
+ The effect of a great supply of air on some diseases is marvellous, and the subject is so im- 
rtant that a few examples may be quoted. The experience of the fevers in the force assem- 
led at Cork in 1795; of the spotted typhus of 1814 at Paris, when it was noticed with astonish- 
ment that the cases placed (with great fear of the result) in the abbattoir of Montfaucon (one of 
the highest and most breezy parts of Paris), did infinitely better than the patients in the regular 
hospitals ; and the analogous case of the irish fever of 1847-48, when cases left in the open air 
z, 
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There can, I believe, be no doubt, that the necessity for an unlimited sup- 
ply of air is the sadival consideration in the erection of hospitals, and, in 
fact, must govern the construction of the buildings. | For “rid ati 
especially the acute, the merest hovels with plenty of air are better 2 n the 
most costly hospitals without it. What illjudged humanity is : over- 
crowd febrile patients into a building, merely because it 18 called an — 
when the very fact of the overcrowding lessens or even destroys its usefulness. 
In times of war, it should never be forgotten by medical officers that the 





F : f the 
and in the rudest sheds recovered better than those patients who had all the advantages o 
fixed establishments, can be paralleled by many other instances. A case full of tape cy aor 
the army surgeon was recorded 100 years ago by Brocklesby, et preg to the army os ae 

‘“In October 1758, a greater number of sick were landed out of the transports on the z oe 

Wight than all the spare outhouses, barns, and empty cottages which could be procured for 
money or the sake of fhiinanity at: Newport, were capable of containing. In this distress, some 
gentlemen of the hospital proposed to erect a temporary shed, with deal boards, upon the open 
forest, and to have it thatched over with a coat of new straw, thick enough to keep out wind 
and rain, and capacious enough to hold 120 patients or upwards ; for doing which, and the use 
of the boards, the country workmen exacted forty pounds. Although the hovel was finished in 
a fashion the most slovenly, and SEparene inadequate to the end proposed, upon trial it was 
found that, notwithstanding much extraordinary cold, as well as moisture, which the sick there 
lodged had suffered, remarkably fewer died of the same diseases, though treated with the same 
iedicines and the same general regimen, than died anywhere else; and all the convalescents 
recovered much sooner than they did in any of the warmer and closer huts and barns hired 
round Newport, where fires, and apparently better accommodations of every sort, could be pro- 
vided for them.” (Pp. 66, 47.) 

He gives another instance afterwards. : 

+ In making these rough sheds with wattle, Brocklesby incidentally mentions two points of 
importance :—1. The removing from time to time the ground from the surface, as it gets imn- 

regnated with all sorts of things. 2. The building of a large entrance porch, sheltered over 
read (but not at the sides?), into which the convalescent men can creep, to get as much as 
possible into the open air, and also to eat their meals in it. 

Another old army surgeon+ records an analogous case. Donald Munro says that Dr Hume 
told him, that in 1755, some of the men-of-war carried out to North America a malignant jail 
fever, brought by impreased men. The fever continued to spread while at sea ; but at Halifax 
the sick ‘‘were lodged in tents, or in very old shattered houses that admitted the air very 
freely, which put a sudden and effectua) stop to this disorder.” 

The same facts were before clearly pointed out by Pringle, who witnessed the loss occurring 
in military hospitals when spotted typhus once gained a footing ; and they were also fully 
understood by Sir James M‘Grigor in the Peninsular war. As far as spotted typhus is con- 
cerned, no evidence is necessary to convince us,that patients must be treated with an absolutely 
unlimited supply of air; and with respect to some other diseases, the remarkable experience of 
the Austrian army surgeons for the last few years shows that the same rule a cea to typhoid 
fever, small-pox, pyemia, hospital gangrene, and wounds. Since 1854, the sick of the Austrian 

army have been largely treated, during eight or nine months every year, in well-ventilated tents 
in preference to fixed hospitals. The result has been most remarkable ; disease was prevented 
from spreading, and patients got well much more rapidly than in the apparently more comfort- 
able permanent hospitals. For particulars, the Report on Hygiene by the author, in the Army 
Medical Report for 1862, can be referred to; some of the most important facts are Nia under 
the head of Field Hospitals in War. In Dr Massey’s paper in the Army Medical Department 
Report, vol, xi. p. 229, is an able statement of facts of a similar kind. 

n Germany many of the large hospitals have now small wooden buildings (barrack-hos- 

pitals) in adjoining hospital enclosures, where all the worst surgical cases are treated. 

An analogous experience has Jed some of our best surgeons (Sir James Paget, for example) 
to believe that in pysmia a patient should be treated almost in the open air. 

In yellow fever the same rule holds good ; and to show how early this was appreciated, I 
subjoin a quotation from Lind. 

Lindt quotes from “ a very sensible man, who resided long in Jamaica.” 

“*T have often observed the poor seamen in the merchant ser vice to recover from the yellow 
fever solely by having the benefit of a free and constant admission of the cool sea air into a 
ship anchored at a distance from the shore, where they lay utterly destitute of every assistance 
in sickuess, and even of common necessaries, Baving sarin but cold water to drink, and not 
so much as a bed to lie upon ; while gentlemen newly arrived from England, by being shut up 
in small, close, suffocating chambers at Kingston or Port-Royal, exp ired, with their whole mass 

of blood dissolved, flowing from every pore—the stifling heat of their room having produced a 
state of universal putrefaction in the body, even before death.” 


* Economical and Medical Observations from the year 1758 to 1763, by R. Brocklesby, 1764. 
+ Donald Mugro, vol. |. p. 269. ; 


4 On Diseases of Europeans in Hot Climates, p. 915, 
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rudest shed, the slightest covering, which will protect from the weather, is 
better than the easy plan eo often suggested and acted on, of putting the beds 
a little closer together. 

The recognition that the ample supply of pure air is the first essential of a 
good hospital, led Miss Nightingale to advocate with so much energy and suc- 
cess the view which may be embodied in the two following rules :— 

1. The sick should be distributed over as large an area as possible, and each 
sick man should be as far removed as possible from his neighbour. 

2. The sick should be placed in small detached and perfectly ventilated 
buildings, so that there is no great number of persons in one building, and 


there shall be no possibility of the polluted air of one ward passing into 
another. 


How is this perfect Purity of Air to be secured ? 


This is a matter partly of construction, partly of superintendence. 

() There should be detached buildings, so disposed as to get the freest air 
and the greatest light. They should be at considerable distances apart, so that 
1000 sick should be spread like a village ; and in the wards, each man ought 
to have not less than 100, if possible, 120, foet of superficial, and from 1500 
to 2000 feet of cubic space.* With detached buildings, the size of an 
hospital, as pointed out by Miss Nightingale, is dependent merely on the 
facility of administration. When the hospitals consist of a singlo building 
the smallest hospitals are the best. 

(b) The ventilation should be natural, z.¢., dependent on the movement of 
the outer air, and on inequalities of weight of the external and internal air. 
The reason of this is, that a much mors efficient ventilation can be obtained 
at a cheaper cost than by any artificial means. Also, by means of open doors 
and windows, we can obtain at any moment any amount of ventilation in a 
special ward, whereas local alterations of this kind are not possible in any 
artificial system. The amount of air, also, which any artificial system can 
cheaply give is comparatively limited. The amount of air should be 
restricted only by the necessity of not allowing its movement to be too 
perceptible. 

The best arrangements for natural ventilation for hospitals appear to me to 
be these—1st, Opposite windows reaching nearly to the ceiling, on the sides 
of a ward (not wider than 24 feet, and containing only two rows of beds), 
and a large end window. 2d, Additional openings, to secure, as far as 
possible, a vertical movement of the air from below upwards; and this, I 
believe, will be best accomplished as follows :—tf 

A tube opening at once to the external air should run transversely along 
the floor of the ward to each bed, and should end in a box placed under the 
bed, and provided with openings at the top and sides, which can be more or 
less closed. In the box, coils of hot-water pipes should be introduced to 
warm the air when necessary. The area of the tube should not be less than 
72 square inches to each bed ; and the area of the openings in the box at least 
four times larger. The fresh air, warmed to any degree, and moistened, if 
necessary, by placing wet cloths in the box, or medicated by placing chlorine, 
iodine, or other substances, will then pass under each bed, and ventilate that 
space so often left unaired ; and then, ascending round the sides of the bed, 
will at once dilute and carry up the products of respiration and transpiration 


® See page 147 for the discussion on this point. 

+ A faa similar to this has been devised by Dr 8. Hale, and adopted in some of the Aus- 
tralian ha itals. It is an excellent arrangement, but seems rather unnecessarily complicated 
by taking the air under the floor, and elevating the beds on a dais. 
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to the ceiling. It would, I presume, be a simple matter so to arrange the hot- 
water pipes as to be able to cut off all or some of the pipes under a particular 
bed from the hot-water current if desired, and so to give a fever patient air 
of any temperature, from cold to hot, desired by the physician. In the low 
and exhausted stages of fever warm air is often desirable. By this simple 
plan, it seems to me we could deal more effectually with the atmosphere round 
our patients, as to warmth, dryness, humidity, and medication, than by any 
other. At the same time, the open fire-place and chimney, and the open 
doors and windows, might be preserved.* 

For the exit of the foul air, channels in the ridge should be provided, 
warmed by gas if possible, as pointed out in the chapter on VENTILATION. 

To facilitate this system of ventilation, it is desirable to have the buildings 
one storied only ; but it can be applied with two stories. Only then the dis- 
charge tubes must be placed at the sides, and run up in the thickness of the 
walls. + 

But not only should there be good ventilation, but the wards ought to be 
every year empty for two or three weeks, and during the time thoroughly 
exposed to the air, every door and window being open. 

(c) The strictest rules should be laid down with regard to the immediate 
removal from the wards of all excreta, dirty dressings, foul linen, &c. 

Nothing that can possibly give off anything to the air should be allowed to 
remain a single moment. Dressings of foul wounds should be sprinkled with 
deodorants, and charcoal bags suspended round the bed. 

(2) The walls should be of impermeable material. Cements of different 
kinds are now used, especially Parian; large slabs of properly coloured tiles, 
joined by a good cement, and good Portland cement well painted would, 
however, be better. Parian cracks and spaces form behind it. Ceilings 
should be either cemented or frequently limewashed. Great care should be 
taken with the floors. On the whole, good oak laid on concrete seems the 
best material ; but the joinings should be perfect, so that no fluid may pass 
through and collect below the floor. Possibly it might be well to cover the 
floor with a good oil-cloth, or material of the like kind, which would prevent 
substances from sinking into the boards, and would lessen the necessity of 
washing the floors, but might be itself removed, and frequently washed. The 
practice of waxing and dry-rubbing the floors, and other similar plans, is © 
intended to answer the same purpose. Dr Langstaff, of Southampton, 
strongly recommends paraffin, The paraffin is melted and then poured on 
the floor, and ironed into it with a box-iron, heated from the interior by 
burning charcoal ; it penetrates about a quarter of an inch into the wood. The 
excess of paraffin is scraped off, and the floor is brushed with a hard brush; a 
little paraffin in turpentine is then put on, and the flooring is good for years. 

(¢) The furniture in a ward should be reduced to the minimum; and, as 
far as possible, everything should be of iron. The bedding should also 
be reduced in size, as much as it can be. Thick mattresses should be dis- 
carded, and thin mattresses, made easy and comfortable by being placed on 
springs, employed. The material for mattresses should be horse-hair (18 ib 
weight to each mattress), or coir fibre, which, on the whole, are least 
absorbent. Straw, which absorbs very little, is bulky, and is said to be cold. 





* The introduction of vertical tubes is also useful, as giving the air an upward direction and 
allowing a considerable supply without draughts. 
+ When the ceiling is flat the outlets may be advantageously placed at the sides close to the 
ceiling, but with a one-storied or upper ward an open roof is better. 
+ The wire mattress bedstead, as saa ep by Dr Reed, in use in the Manchester Royal 
spienery and made by Messrs Choriton & ugdale, seems an excellent and very comfortable 
urm. 
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All flock and woollen mattresses should be discarded. Blankets and coverlets 
should be white or yellowish in colour, and should be frequently thoroughly 
aired, fumigated, and washed. 

(7) The arrangement of the water-closets and urinals isa matter of the 
> | 
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Fig. 76—Ward for 20 Ward-beds. 
A. Ward. D. Water-closet and Ward-sink. 
B. Nurse’s room, with Ward-window. k. Bath-room and Ablution-room, 
co. Scullery. F. Ventilated lobbies. 


greatest moment, Every ward should have a urinal, so that the common 
practice of retaining urine in the utensils may be discontinued. If the urine 
is kept for medical inspection, it should be in closed vessels. The removal of 
excreta must he by water. In hospitals, nothing else can be depended upon, 
as regards certainty and rapidity. The best 
arrangement for closets is not the handle 
and plug, which very feeble patients will 
not lift; but a sclf-acting water supply 
connected with the door, and flowing when 
it is opened. This plan is better than the 
self-acting spring seat, which is not always 
easily depressed by a thin patient ; and also, Fig. 77 
by leaving the door open, it gives us the — gection of Ward to show the Bed. 
means of pouring in any quantity of water, 

and of thoroughly flushing the pan and pipe. The closets are best arranged 
in nearly detached lobbies, at one end of the ward, and separated from it by 
a thorough cross ventilation, as shown in the plan which is copicd from Miss 
Nightingale’s work.* 
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Fig. 78.—Drawing to show Beds and Windows. 


In this way, provided the site of the hospital is originally well chosen, 





* Dr Buchanan has suggested a plan of vertical ventilation in the vestibule, in cases where 
cross ventilation is not available. This, of course, need not be in a new building, although it 
might be useful in the adaptation of an existing une. The addition of a slop sink, for the 
emptying of bed-pans, &c., would also be usefi 
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perfect purity of air can be obtained, and the first requisite of a good hospital 
is secured. 


The warming of the air of Hospitals is discussed in the chapter on 
‘W aRMING. 

Next to the supply of pure air, and to the measures for preventing con- 
tamination (which embrace construction, ventilation, cleanliness, and latrine 
arrangements), come the arrangements for medical treatment. 

Medical treatment includes— 

1. Supply of Food.—The diet of the sick is now becoming a matter of 
scientific precision; and itis probable that every year greater and greater 
importance will be attached to it. Hence the necessity of a perfect central 
kitchen, and of means for the rapid supply of food at all times. There is 
more difficulty in doing this than at first appears, as the central kitchen cannot 
supply everything ; and yet there must be no cooking in the wards, or even 
near them, ag the time of the attendants should be occupied in other ways. 
Probably, the best arrangement is to have hot closets close to the wards, where 
the food sent from the kitchen can be kept warm, and ready for use at all 
hours of the day and night. 

2. The Supply of Water.—Hot and cold water must be supplied every- 
where, and baths of all kinds should be available. The supply of water for 
all purposes should be 40 to 50 gallons per head daily. 

3. The Supply of Drugs and Apparatus.—The chief point is to economise 
the time of attendants, and to enable drugs and apparatus to be procured 
without delay when needed. 

4. The Nursing and’ Attendance, including the Supply of Clean Linen, éce.— 
The time and labour of the attendants should be expended, as far as possible, 
in nursing, and not in other duties, Every contrivance to save labour and 
cleaning should therefore be employed. Lifts, shafts, tramways, and speak- 
ing-tubes to economise time ; wards arranged so as to allow the attendants a 
view of every patient ; wards not too large nor too small, for Miss Nightingale 
has conclusively shown that wards of from 20 to 32 beds are best suited for 
economy of service. 

5. Means of Open-air Exercise for Patients—This ought properly to be 
considered as medical treatment. As soon as a patient can get out of his ward 
into the open air he should do so; therefore, open verandahs on the sunny 
sides of the wards, and sheltered gardens, are most important. For the same 
reason hospitals of one story are best,* as the patients easily get out; if of 
two stories the stairs should be shallow. 

6. In addition to all these, the supply of air medicated with gases, or fine 
powders, or various amounts of watery vapour, is a mode of treatment which 


is sure to become more common in certain diseases, and special wards will 
have to be provided for these remedies. 


The parts of a military hospital are—f 
Patients’ Rooms, Wards, and Day-rooms, if possible; the wards of two 





* Thad never properly estimated the importance of be getting into the air, and the 
desirability of one-storied buildings for this purpose, till I served at Renkioi in Turkey during 
the Crimean war. The hospital was composed of one-storied wooden houses connected by an 
open corridor. As soon as a man could crawl he always got into the corridor or between the 
houses, and the good effects were manifest. Some of the medical officers had their patients’ 
8 carried out into the corridor when the men could not walk. In the winter greatcoata were 
provided for the men to put on, and they were then encouraged to go into the corridor. 

+ Hospital space is to be provided for 10 per cent. of the force. Lately, since the health of 
the army has been so much ray pol on home service, it has been i sae to reduce it to 7 
per pie , but it would appear desirable always to have a large hospital space for emergencies 
and for war. 


The Director-General is consulted when a fresh hospital is built. 
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sizes; lange, 1.¢., from 20 to $2 beds; and small, for one or two patients, It 
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vievirable to have the emall wards not close to the large ones, but at soma 
little distance, Attached to the wards are attendants’ rooms, scullery, bath 
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Fig. 79.—Detail of present Ward, Lavatory, Closets, and Urinal, as used in Military Hospitals 
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(from Miss Nightingale’s book). 


The Surgeons-General and Deputy Surgeons-General are ordered to inspect the drainage, 
ventilation, water supply, water-closets, latrines, urinals, and sinks of every hospital, and to 
see that the warming and lighting are sufficient, also that the number in hospital is not over 
regulation ; that the excreta of the sick i ad removed from the wards ; that cleanliness, 
cooking, é&c., are properly attended to; and that the vicinity of the hospital is in good condi- 
tion, and the hospital itself in good repair. 

In genera] hospitals a sanitary officer is to be appointed ; in station hospitals the medical 
officer is the sanitary officer, and his duties as to inspection are explicitly laid down. 

If any building is nelected as a temporary hospital, the sanitary officer, or medical officer in 
charge, is ordered to inspect it, and to recommend such alterations as are necessary. , 

Convalescent wards are to be provided when practicable, 
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and — rooms, small storeroom, urinal, closets (one seat to every eight 
men, 

Operating-room—.Dead-house—Administration.—Surgeons’ rooms; case- 
book and instrument room ; offices and officers’ rooms. 

Pharmacy.—Dispensary ; store-room ; dispenser’s room. 

Culinury.—Store-room ; wine and beer room; larder and meat room ; 
kitchen ; room for arranging diets ; scullery, cook’s room. 

Washing.—Washhouse ; dirty linen store ; baking and fumigating-room ; 
cleaning-room for mattresses. 

Steward’s Department.—Offices, furniture, linen, utensil, and pack stores ; 
rooms for cleaning. 

The amount of storage room is, for an hospital of 100 sick— 


Bedding and store = 200 square feet. Fuel store = 250 square feet. 
Clothing store =100 5 Foul linen store =120 - 
Utensil store = 160-200,, Pack store = 200 ss 
Provision store =100 © (In military hospitals.) 


The above drawing shows the arrangement of the closets and. lavatory 
in a military hospital. 

The two following plans show the arrangement of the Lariboisi¢re Hospital 
in Paris,* which circumstances have made the type of the so-called block or 
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Fig. 80.—Lariboisiére Hospital at Paris. 


pevilion plan; and of the Herbert Hospital, which is the best military 
hospital in this country, or perhaps anywhere. 
The Herbert Hospital at Woolwich consists of four double and three single 


“ The new Hétel-Dien, just completed, is on the same general plan. 
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pavilions of two floors each, all raised on basements. There is a convalescent’s 
day-room in the centre pavilion. The administration is in a separate block in 
front. The axis of the wards is a little to the east of north. There is a 
corridor in the basement, through which the food, medicines, coals, &c., are 
conveyed, and then, by a series of lifts, elevated to the wards. The terraces 
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Fig. 81.—Ground Plan of the Herbert Hospital, Woolwich (from Miss Nightingale’s book.) 


vu the corridor afford easy means of open-air exercise for the patients in the 

uy ser ward. The wards are warmed by two central open fire-places, with 
descending flues, round which are air-passages, so that the entering air 1s 
warmed. The floors are iron beams, filled in with concrete, and covered with 
oak boarding.* 


Hospitals in the Tropics. 


The Barrack and Hospital Commission, in carrying out the plans of the 
Royal Indian Sanitary Commission, suggestt for each sick man— 

Superficial arca = 100 square feet, up to 120 in unhealthy districts. 

Cubical space = 1500 feet, or, in unhealthy districts, 2000 feet. 

It is also directed that hospitals should consist of two divisions—lst, for 
sick ; and 2d, for convalescents. This latter division to hold 25 per cent. of 
the total hospital inmates. 

Each hospital is to be built in blocks, to consist of two floors, the sick and 
convalescents to sleep on the upper floors only ; each block to hold only 20 to 
24 beds. 

The principles and details are, in fact, identical with those already ordered 
for the home stations. 


Hospitals for Infectious Diseases. 


Fever and small-pox hospitals have been long established in many large 
English towns; but within the last few years it has become usual for all 
towns of any aize to put up some temporary hospitals during an outbreak of 


* The arrangement of the Pavilions may be varied in many ways; for different forms of 
arrangement see the works already cited. 
tT Op. cit. p. 27. 
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cholera, small-pox, relapsing fever, and typhus, and to remove persons ill with 
these diseases, at once from their dwellings. In this way, if there is early 
discovery of the cases, the chances of spread of the disease are greatly 
lessened. - 

The Medical Department of the Privy Council issued a Memorandum in 
1872,* pointing out that power is given under the 37th section of the 
Sanitary Act, 1866,+ to the local board, improvement commissioners, town 
council, or vestry, to provide “ hospitals or temporary places for the reception 
of the sick.” It is pointed out that villages should have the means of 
accommodating instantly four cases of infectious disease in at least two 
separate rooms, and it is considered that a good cottage would answer this 
purpose, In towns a permanent provision is advised to be made, and the 
following suggestions are made :—The situation to be convenient ; ward cubic 
space, 2000 feet per head ; ward floor space per head 144 square feet; good 
provision for ventilation ; precautions against entrance of foul air (as from 
privies or sinks) ; warming in winter to 60° Fahr. ; keeping cool in summer ; 
means of disposal of excrements and slops, and for cleaning and disipfecting 
linen. 

For temporary emergencies, tents (army hospital marquees) are recom- 
mended, or huts are advised. The huts are described at some length, and 
plans are given of the huts and of the arrangement, As these are very 
similar to those used by the army in war, reference is made to that section. 


(For Hospitals in Time of War, see Book II.) 
* Memorandum on Hospital Accommodation to be given by Local Authorities (signed John 


Simon, 8th July 1872). 
+ Now under the 131st and following clauses of the Public Health Act of 1875. 


CHAPTER X. 
REMOVAL OF EXCRETA. 


We have seen that a regular supply of pure air—in other words, efficient 
ventilation—is required to remove the excreta of the lungs and the volatile 
products of the skin. The solid and fluid excreta from the bowels and the 
kidneys ought to be as rapidly and as completely removed as the gaseous 
impurities. 

It is highly probable that to barbarous and inefficient modes of removing 
the excréta of men and of animals we must partly trace the great prevalence 
of disease in the middle ages, and there is no doubt that many of the diseases 
now prevailing in our large towns are owing to the same cause. 

When men live in thinly-populated countries, following, as they will then 
do, an agricultural or nomade life, they will not experience the consequences 
of insufficient removal of excreta. The sewage matter returns at once to that 
great deodoriser the soil, and fertilising it, becomes a benefit to man, and not 
a danger. It is only when men collect in communities that the disposal of 
excreta becomes a matter literally of life and death, and before it can be 
settled the utmost skill and energy of a people may be taxed. 

The question of the proper mode of disposal of sewage has been somewhat 
perplexed by not keeping apart two separate considerations. The object of 
the physician is to remove as rapidly as possible all excreta from dwellings, 
so that neither air, water, nor soil shall be made impure. The agriculturist 
wishes to obtain from the sewage its fertilising powers. It is not easy to 
satisfy both parties, but it will probably be conceded that safety is the first 
thing to be sought, and that profit must come afterwards. 


SECTION I. 


AMOUNT AND PRODUCTS OF THE SOLID AND FLUID EXCRETA. 
Amount of the solid and fluid Excreta. 


The amount of the bowel and kidney excreta vary in different persons and 
with different modes of life. On an average, in Europe, the daily solid 
excreta are about 4 ounces by weight, and the daily fluid excreta 50 ounces 
by measure for each male adult. Women and children pass rather less. 
Vegetable pass more solid excreta than animal feeders, but this is chiefly 
owing to a large proportion of water.* Taking all ages and both sexes into 
consideration, we may estimate the daily amount per head of population in 
Europe at 24 ounces of fecal, and 40 ounces of urinary discharge. A popu- 
lation of 1000 persons would thus pass daily 156 tb of solids and 260 gallons 
of urine, or in a year 25 tons of feces and 91,250 gallons (14,646 cubic feet) 
of urine. Letheby gives the mean amount per head as 2°784 ounces of 
feces and 31851 ounces of urine. In a mixed population of 1000 persons 





* Mr Fawcus’s experiments on Bengalee prisoners give an average bowel excretion of 12 
ounces, and in Bombay Dr Hewlett found the alvine discharges to be quite as large. , 
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of different sexes and ages, Letheby has calculated that the daily discharge 
of the whole town will be 2266 ib avoir. of urine and 177°5 tb of feces. 

Frankland estimates the mean daily amount per head as 3 ounces of faces, 
and nearly 40 ounces by measure of urine. In adult males the quantity of 
nitrogen daily discharged by the bowels and kidneys amounts to from 250 
to 306 grains, representing 304 and 372 grains of ammonia. Taking the 
whole population, however, the amount must be considerably less than this. 
T calculate it as 153 grains of nitrogen, and Letheby gives it as 155°8 grains, 
or from 186 to 189 grains of ammonia, 7.¢e. the mean excretion of all the 
population is very nearly half the excretion of the adult male. 


Decomposition of Sewage Matter. 


Fresh healthy fecal matter from persons on mixed diet, unmixed with 
urine, has an acid reaction, and this it retains for a considerable time ; it 
then becomes alkaline from ammonia. If free from urine, it usually decom- 
poses slowly, and in hot weather often dries on the surface, and subsequently 
changes but little for some time. The urine, when unmixed with facal 
matter, also retains its natural acidity, for a variable number of days, some- 
times three or four ; sometimes eight or ten, or even longer, and then becomes 
alkaline from ureal decomposition. When the fwces and urine are mixed, 
the formation of ammonium carbonate from ureal decomposition is much 
more rapid ; the solid excreta seem to have the same sort of action as the 
bladder mucus, and the mixed excreta become alkaline in twenty-four hours, 
while the separate excreta are still acid. And in its turn the presence of the 
urine seems to aid the decomposition of the solid matter, or this may be 
perhaps from the effect of the fluid, as pure water seems to act almost as 
rapidly as urine in this respect. Pappenheim* states that the absorption of 
oxygen by the fwces is greatly increased when urine is added. When the 
solid exereta and urine are left for two or three wecks, the mixture becomes 
usually extremely viscid, and this occurs, though to a less extent, when an 
equal quantity of pure water takes the place of urine. The viscidity is pre- 
vented by carbolic acid. 

When the solid excreta (unmixed with urine) begin to decompose, they give 
out very foetid substances, which are no doubt organic ; sulphuretted hydrogen 
is seldom detected, at any rate by the common plan of suspending paper soaked 
in lead solution above the decomposing mass. "When heated, a large quantity 
of gas is disengaged, which is inflammable, and consists in great measure of 
carburetted hydrogen. When (instead of being dry) urine is present, 
ammonia and foetid organic matters are disengaged in large quantity. When 
water is also present, and if the temperature of the air is not too low, not 
only organic matters but gases are given out, consisting of light carburetted 
hydrogen, nitrogen, and carbonic acid. Sulphuretted hydrogen can be also 
disengaged by heat, and is almost always found in the liquid, usually in com- 
bination with ammonia, from which it is sometimes liberated and then passes 
into the air. 

Composition of the Air in Cesspools and Sewers (see page 107). 
Effects of Sewage Efiuvia on Health (see page 125). 


SECTION IL. 
METHODS OF REMOVAL OF EXCRETA. 


While all will agree in the necessity of the immediate removal of excreta 
* Handb. der San. Pol. 2d edit. band i. p. 72. 
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from dwellings, the best modes of doing so are by no means settled. It is 
unfortunate that some warmth of controversy has been introduced into the 
discussion on this point, and that a feeling of partisanship has arisen. The 
fact is that several methods of removing sewage are applicable in different 
circumstances, and their relative amounts of utility depend entirely on tho 
condition of the particular place. 

The different plans may be conveniently divided into—* 


1. The water method. 
2. The dry methods. 


Before noticing these plans, it will be convenient to make a few general 
observations on sewers. 


SEWERS. 


Sewers are conduits employed to remove waste water and waste products 
suspended in water from housos, or to carry away rain. Among the waste 
products may be the solid and liquid excreta of men and animals, or the 
refuse of trade and factory operations. Or sewers may be used merely for 
the conveyance of dirty house water, without the admixture of excreta or 
trade refuse. 

It is quite impossible that any town or even any single large house can he 
properly freed of its waste house water without sewers, and in a more or less 
perfect condition, they are to be found not only in all modern, but in most 
ancient cities. Originally, no doubt, they were mere surface channels, as they 
are still in many towns; but for the sake of appearance and inoffensiveness, 
the custom must have soon arisen of placing them underground, nor in 
modern towns could they now be arranged otherwise. In some large towns 
there are even hundreds of miles of sewers constructed often with great skill 
and science, and they serve in some instance as the channels not only for 
rain, but for natural streams which have been enclosed. 

The sewers form thus in the subsoil of towns a vast network of tubes, 
connecting every house, and converging to a common outlet where their con- 
tents may be discharged. 

In some towns the sewers carry away none of the solid excreta, thouch 
probably urine enters in all cases. In most towns, however, solid excreta in 
creater or less quantity enter, owing especially to the prevalent use of 
watcr-closets, or to the drainage of middens and manure heaps. 

Whether the solid excreta pass in or not, the liquid in the sewers must 
always contain either suspended or dissolved animal and vegetable matters 
derived from the refuse of houses. It is generally warmer than the water of 
streams, and is of no constant composition ; sometimes it is very turbid, and 
highly impure; in other cases it is hardly more impure than the water of 
surface wells. The suspended matters are, however, generally in larger pro- 
portion than the dissolved. 

In some cases the sewer water is in greater amount than the water 
supplied to the town and the rainfall together. This arises from the subsoil 
water finding its way into the sewers, 

One ton of London or Rugby sewage contains only from 2 b to 3 bb of 
solid matter (Lawes). t 

* Dr Corfield’s work (A Digest of Facts Relating to the Treatment and Utilisation of Sewage. 
by W. . Corfield, 2d edit. 1871) will be found to give a good summary of this subject. See 
ails 


o Report of a Committee appointed by the President of the Local Government Board to 
inquire into the several modes of treating Town Sewage, London, Eyre and Spottiswoode, 


1876. 
+ For the composition of sewer water see Way, Second Report of Common Sewage of Towns, 
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The average composition of sewer water in towns with water-closets is, 
organic matter, 27-72; nitrogen, 6-21; phosphoric acid, 1°57 ; potash, 2-03 
grains per gallon.* 

The Rivers Pollution Commissioners give 7:28 grains of organic nitrogen 
por 100,000 parts, or 5°41 grains per gallon; the mean amount of ammonia 
-is 6-703 per 100,000, or 4°695 grains per gallon. 

Under the microscope, sewer water contains various dead decaying matters, 
and in addition multitudes of Bacteria and amcebiform bodies, as well as 
some ciliated infusoria, especially Paramecia. Fungi (spores and mycelium) 
are seen, but there are few Diatoms or Desmids, and not many of the 
higher animals, such as rotifera. 

A controversy is still going on, whether the solid excreta ought to be 
admitted into the sewers. The point is virtually practically decided in 
many towns in this country by the general use of water-closets, which cannot 
now in these towns be superseded by any plan yet proposed. It is, however, 
quite an open question, whether, if all the arrangements could be commenced. 
de novo, the admission of the solid excreta would be proper. 

The arguments for and against this view will presently he stated. 

Whether the solid excreta are allowed to pass in or not, it is clear that 
the dirty water of the sewers must in some way be disposed of. It is in 
every case more or Jess impure, containing animal and vegetable substances 
in a state of commencing decay, which passes readily into putrefaction. The 
readiest mode of getting rid of it is to pass it into streams, where it is at 
once subjected to the influence of a large body of water, and where the solid 
matters either become slowly oxidised, or form food for fishes or water plants, 
or subside. Although from an early period streams were thus contaminated 
and their water originally pure was thus rendered unfit for use, it is only 
lately that a strong opposition has arisen to the discharge into streams. 
This is owing partly to the greater pollution and nuisance caused by the 
more common use of water-closets and the largely increasing trade of the 
country, which causes more refuse to be sent in, and partly to the evidence 
which has been lately brought forward of the diseases which are caused by 
drinking water made impure in this way. To prevent the nuisance and 
danger caused by the pollution of streams, many actions at law have been 
brought, and in some cases special Acts of Parliament have forbidden the 
discharge of sewer water into certain rivers until after efficient purification. 
The Rivers Pollution Act of 1876, now deals with the question, its provisions 
having come into operation on the 15th Aug. 1877. 

Up to a certain point, there would probably be a general agreement as to 
the principle on which this difficult question should be dealt with. Animal 
substances in a state of decay can be best prevented from contaminating the 
air, the evil, or the water of streams, by imitating the operations of nature. 
In the endless cycle of physical change, decaying animal matters are the 
natural food of plants, and plants again form the food of animals, 

It so happens that, with the exception of some mineral trades, the waste 
products of which are hurtful to agriculture, many of the substances contained 
in the sewer water of our towns are adapted for the food of plants, and we 
seem on sure ground when we decide that it must be correct to submit these 
matters to the action of plant life, and thus to convert them from dangerous 
impurities into wholesome food. 

The difficulty is, however, with the application of the principle, and at the 


ee p. 69, e¢ seg. ; Letheby, The Sewage Question, 1872, p. 186; Report on Town Sewage, 
* Latheby, op. ett. p. 188, 
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present moment there is the utmost diversity of opinion on this point. It 
seems, however, that we may divide the opinions into two classes. Accord- 
ing to one opinion, the proper mode is to bring the waste water of towns, 
when it contains fertilising matters, at once to the ground, and after the arrest 
of substances which may block the pipes, to pour it over the land in such a 
way as may be best adapted to free it from its impurities, and to bring it most 
rapidly and efficiently under the influence of growing plants. 

The other opinion objects to this course on two grounds; first, that the 
substances are not brought to the ground on the most convenient form for 
agriculture, and also that the plan entails evils of its own, arising from the 
immense quantity of water brought upon the land and from the difficulty of 
efficient management. The advocates of this second view would, therefore, 
use some plan of separating the impurities of the water, and would then apply 
them in a solid form to the land, or use them for some other purpose, as in 
General Scott’s plan of adding the materials for cement and then making this 
substance. The purified water would then be filtered through land, or passed 
into streams without further treatment. 

In the case of the sewage water containing materials not adapted for agri- 
culture, both parties would deal with it in the same way, viz, purify it by 
chemical agencies or filtration, and then allow the water to flow off into 
streams, while the solid products would be disposed of in the most convenient 
way. 

These general views apply to any.sewer water, whether it contains solid 
excreta or not, although if these excreta can be perfectly excluded the sewer 
water is less offensive. It has hitherto been often poured into streams with- 
out previous purification, though now this practice is prohibited by law. 

The sewers of a town are for the most part used also to carry off the rain- 
fall, and, indeed, before the introduction of water-closets, they were used only 
for this purpose, and for taking away the slop and sink water of houses. In 
countries with heavy rainfall, and in this country in certain cases, the rain- 
fall channels are distinct from the sewers, and the outfalls may be in an 
entirely different direction. This is sometimes called the “separate system.” 


RemovAL OF Excreta BY WATER. 


This is the cleanest, the readiest, the quickest, and in many cases the most 
inexpensive method. The water supplied for domestic purposes, and which 
has possibly been raised to some height by steam or horse power, gives at 
once a motive force at the cheapest rate ; while, as channels must necessarily 
be made for the conveyance away of the waste and dirty water, which has 
been used for domestic purposes, they can be used with a little alteration for 
excreta also. It would be a waste of economy to allow this water to pass off 
without applying the force which has been accumulated in it for another 
purpose. 

But if this is obvious, it is no less so that certain conditions of success must 
be present, without which this plan, so good in principle, may utterly fail. 
These conditions are, that there shall be a good supply of water, good sewers, 
ventilation, a proper outfall, and means of disposing of the sewer water. If 
these conditions cannot be united, we ought not to disguise the fact that 
sewers may give rise to no inconsiderable dangers. For what are they? 
They are underground tubes, connecting houses, and allowing possibly, not 
merely accumulation of excreta, but a ready transference of gases and organic 
molecules from house to house, and occasionally also causing, by bursting, 
contamination of the ground, and poisoning of the water supply. And all 
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these dangers are the greater from being concealed. It is probably correct, 
as has been lately pointed out, that in deep-laid sewers the pressure inwards 
of the water of the surrounding soil is so great as frequently to cause an inflow 
into the sewer, and so prevent the exit of the contents; but in other cases, 
the damage to the sewer may be too great to be neutralised in this way, and 
in the instance of superficially laid and choked-up pipes, the pressure outwards 
of the contents must be considerable.* The dangers of sewers are therefore 
so great that many persons are inclined to think their use an entire mistake, 
but this is probably going much too far if the securities above noted can be 
obtained ; these securities are, a good supply of water, properly constructed 
and well ventilated sewers, and means of disposal of the sewage water. If 
these three conditions can be brought together, sewers for excreta are not 
hurtful. 


Amount of Water for Sewers intended for Excreta. 


Engineers are by no means agreed on the necessary amount. In the 
chapter on Water, I named 25 gallons per head per diem, on the authority 
of Mr Brunel, as the amount required to keep common sewers clear, and even 
with this amount there should be some additional quantity for flushing. But 
in some cases, a good fall and well-laid sewers may require less, and in other 
cases, had gradients or curves or workmanship may require more. It is a 
question whether rain water should be allowed to pass into sewers; it washes 
the sewers thoroughly sometimes, but it also carries débris and gravel from 
the roads, which may clog ; while in othor cases, storm waters may burst the 
sewers, or force back the sewage. t 


Construction of Seicers, 


Sewers are differently constructed according to the purposes they are to 
serve, 1.¢., whether simply to carry off house and trade water, or the solid 
excreta in addition, or one or both, with the rainfall. 

In following out the subject, it will be convenient to trace the sewers from 
the houses to the outfall. 


House Pipes and Drains. 


It will be convenient to call the conduits inside the house, which run from 
sinks and closets, “‘ house pipes,” and to give the term “ drain pipes ” to the 
conduits which receive the house pipes, and carry the house water into tanks 
or main sewers. The house pipes may be divided into sink and water-closet 
or soil pipes ; they are made of metal (lead, iron, or zinc, or two of these) or 
of earthenware. The drain-pipes are usually made of well-burnt, hard, 
smooth, glazed earthenware.{ All bricks, porous earthenware, or substances 
of the kind, should. be considered inadmissible for drain pipes. Iron pipes, 
unless thoroughly cemented inside, are not good.§ The pipes and drains 


Sa ae aR A Sas SEEN A SRSA CU I im 
* In Frankfort the sewers were made with good and well-cemented bricks, and yet Petten- 
kofer found a stream of water in them before the sewer water had been allowed to enter. On 
the other hand, in Munich, in a sewer of common brick and cement, the water flowed out so 
fast that a flask of 750 C.C. was filled in fifteen minutes (Roth and Lex. op. cit. p. 430). To 
slgheatpiay tak nga pli ti risa ar has aiid come me = in this country of having 
an under drain for the subsoil water, and pi ins of this kind are now m 
Brooke of Huddersfield. a ade by Messrs 
+ Storm overflows require to be provided ; for a description of them see Bailey Denton, op. 
ott, rier prema F “ see 
+ Mr Baldwin am cautions us to see that the socket of the drain-pipe is made w 
and is a component part of the Pipe, and not merely joined on. sig te an 
§ Perhaps Barff’s process may become applicable. Iron pipes with lead joints are found 
good among trees, the roots of which often penetrate the joints of earthenware pipes when not 
carefully laid. Concrete is also well spoken of. Coating the pipes and joints with coal-tar 
prevents {according to Mr Mechi) the penetration of weeds and roots. 
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vary in size from 4 to 16 inches diameter,* but the usual size is 5 to 8 inches : 
they are round or oval in shape. t 

Connection of House Pipes with the Drains.—It is customary to commence 
the drains at the basement of the house, and the sink and closet pipes pass 
down inside the house and join on, a water-trap being placed at the junction. + 
As the aspiratory power of the warm house is then constantly tending to draw 
air through the water-trap, and as the trap is liable to get out of order, it is 
most desirable to alter*this plan. The drains should end outside the house, 
and as far as possible every house pipe should pass outside and not inside or 
between walls to meet the drain. The object of this is that any imperfection 
in the pipe should not allow the pipe air to pass into the houses. At the 
junction of the house pipe and drain, there should not only be a good water- 
trap, but one of the plans proposed by engineers should be adopted, by means 
of which there is a complete ventilation and connection with the outside air at 
the point of junction. The rule, in fact, should be, that the union of any 
house pipe whatever with the outside drain should be broken both by water 
and by ventilation (see page 371). In addition, it should be a strict rule, 
that no drain pipe of any kind should pass under a house ; if there must be 
a pipe passing from front to back, or the reverse, it is much better to take it 
above the basement floor than underneath, and to have it exposed 
throughout its course. It is hardly possible to imsist too much on the 
importance of this rule of disconnection betweon house pipes and outside 
drains. Late events have shown whit a risk the richer classes in this 
country now run, who not only bring the sewers into the houses, but multi- 
ply water-closcts, and often put them close to bedrooms. ‘The simple plan of 
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Fig. 82.—Jenning’s Access-pipe. Fig. 83. —Stiff's Access-pipe and 
Junction. 


Fig. 84.—Doulton and Watt's Access-pipe. 


disconnection, if properly done, would insure them against the otherwise cer- 
tain danger of sewer air entering the house. Houses which have for years 


kind. This distinction, however, has not been made in the Public Health Act of 1875, and I 
have therefore made no alteration in the text. (See Bailey Denton’s Sanitary Engineering, p. 16.) 

+ I may refer to a useful little work by Mr William Eassie, called Healthy Houses (2d 
edition), for much information on this and kindred subjects. Some of the drawings given here 
have been copied from Mr Eassie’s work, by his permission ; reference may also be made to 
Sanitary Arrangements for Dwellings, by the same author. saat 

+ Builders are always anxious to conceal tubes, and thus carry them inside the walls, or in 
the case of hollow walls, between the two. The consequence is that any escape of air must he 
into the house. I have known a case in which the leakage of a closet pipe carried down in a 
hollow wall constantly contaminated the air of the honse. It would be infinitely better to 
run the pipes at once through the wall to the outside. Few persons have any idea of the care- 
lessness of plumbers’ work—of the bad junctions, and of the rapidity with which pipes get ont 
of order, and decay. When a leaden pipe carrying water is led into a water-closet discharge 
pipe, it is frequently simply puttied in, and very soon the dried putty breaks away, and there 
is & complete leakage of gas into the house. Even if well-joined, the lead pipe will, it is said, 
contract and expand, and thus openings are at last formed. Dr Fergus of Glasgow has 
directed ioalae attention to this, in the case of lead closet pipes, which become easily 
perforated, and which have only a limited duration of wear. 9: 
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been a nuisance from persistent smells have been purified and become healthy 
by this means. 

Cleaning of Pipes and Drains.—Pipés are cleaned by flexible bamboo or 
jointed rods with screws and rollers to loosen sediment. But for perfect safety 
it is desirable to have drain pipes which can be opened at intervals by means 
of lids or caps. Several kinds of pipes of this kind (“‘access-pipes”) are now 
made, and Mr Eassie states that many architects always include them in their 
specifications. Drain pipes should also be ‘cleared out by regular flushing, 
carried out not less often than once a month. 

Laying of Drains.—They should be laid very carefully on concrete in all 
loose soils, and on well-worked puddled clay in clay soils. Sometimes, in 
very loose soils, even piling for the depth of a foot must be used besides the 
concrete. When pipes are not laid on a good foundation, leakage is sure to 
oceur sooner or later, and the final expense is far more than the first outlay 
would have been. The greatest care must be taken in laying and joining the 
pipes. In a wet soil, a good plan is to have a firm basis, which is itself per- 
forated to carry off subsoil water, and to put the drain over this as in the plan 
of Messrs Brooke and Son of Huddersfield (see fig. 96). 

The “junction ” of pipes is accomplished by 

special pipes, known by the names of single and 

<P VY double squares, curved or oblique junctions, ac- 
cording to the angle at which one pipe runs into 


the other. The square junctions are undesirable, 
aS sir y as blockage will always occur, and the oblique 
anes junctions should be insisted upon. When one 


pipe opens into another, a taper pipe is often used ; 
oe the calibre being contracted before it enters the 
Fig. 85.—Junctions. ssc as a Ag 


Full of Drain Pipes.—1 in 48 is frequently 
given, or # inch in every yard ; a fall of 1 in 65 in drains of 6 inches diameter, 
and 1 in 87 in drains of 8 inches diameter, will give a velocity of 220 feet 
per minute. Mr Lassie says “ the best practice is to allow a fall of 22 or 3 
inches to every 10 feet,” that is about 1 in 40. 

House-Traps.—As the traps are usually the only safeguard against the 
‘warm house drawing sewer air into it, the utmost attention is necessary to 
insure their efficiency. There is almost an infinite diversity, but they can be 
conveniently divided into the syphon, the midfeather, the flap-trap, and the 
ball-trap. 

The syphon is a deeply-curved tube, the whole of the curve being always 
full of water. It is a useful trap, and efficient if the curve is deep enough, 
so that there js a certain depth of water (not less than } inch) standing above 
the highest level of the water in the curve, and if the water is never sucked 
out of it, and if the pipe is not too small, so ‘that the water 
is carried away when it runs full, by the syphon action of 
the pipe beyond. 

The midfeather is in principle a syphon ; it is merely a 
round or square box, with the entry at one side at the top, 
and the discharge-pipe at a corresponding height on the 

~ opposite side, and between them a partition reaching below 
Fig. 86.—Antill the lower margin of both pipes. Water, of course, stands 

trap and Lock jin the box or receptacle to the height of the discharge, and 

(rate. i anes Be, 

therefore the partition is always to some extent under water. 

The extent should not be less than three-fourths of an inch. Heavy 
substances may subside and collect in the box, from which they can be 
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removed from time to time. The common ball-trap, with its modifications, 
is a variety of the midfeather-trap. I figure a good kind of common sink 
trap. 

The flap is used only for some drains, and is merely a hinged valve which 
allows water to pass in one direction, but which is so hung as to close after- 
wards by its own weight. It is intended to prevent the reflux of water into 
the secondary drains, and is supposed to prevent the passage of sewer gas. 
But it is probably a very imperfect block. 

The ball-trap is used in some special cases only ; a ball is lifted up as the 
water rises, until it impinges on and closes an orifice, 

However various may be the form and details of the water-trap, they can 
be referred to one or other of these patterns. 

Efficiency of Traps.—Supposing, of course, they are properly laid, a trap 
is efficient, if water stands in it to the height of ? inch above openings, if 
water passes through it sufficiently often, and with force enough to clear out 
the receptacle and renew the water in it. But traps are often ineffective— 
1st, From bad laying, which is a very common fault. 2d, From the water 
getting thoroughly impregnated with sewer effluvia, so that there is escape of 
effluvia from the water on the house side. 3d, From the water passing too 
seldom along the pipe, so that the trap is either dry‘or clogged. 4¢h, From the 
pipe being too small (2 or 3 inches only) and “running full,” which will some- 
times suck the water out of the trap ; it usually occurs in this way, as fro- 
quently seen in sink traps: the pipe beyond the trap has perhaps a very great 
and sudden fall, and when it is full of water it acts like a syphon and sucks 
all the water out of the trap ; to avoid this, the pipe should be large enough 
to prevent its running full, or the trap should be of larger calibre than the 
rest of the pipe. 5th, Traps may perhaps be inefficient from the pressure of 
the sewer air, combined with the aspirating force of the house displacing the 
water and allowing the air uninterrupted communication between the sewer 
and the house. The extent of the last danger cannot be precisely stated. 
From along series of observations on the pressuro of the air in the London 
sewors, Dr Burdon-Sanderson ascertained that, in the main sewers at any rate, 
the pressure of the sewer air, though greater than that of the atmosphere, 
could never displace the water in a good trap. In a long house-drain which 
got clogged, and in which much development of gaseous effluvia occurred, 
there might possibly be for a time a much greater pressure, but whether it 
would be enough to force the water back, with or without the house suction, 
has not been yet experimentally determined. ut the reasons already given 
show that we ought not to place dependence solely on traps,* though they 
are useful adjuncts. Inarrangingthe 
house pipes, it is desirable not to carry 
the sink and waste-water pipes into 
the closet soil-pipes, but if it can be 
done, to let them empty in the open 
air over a grating. In the case of 
soil or water-closet pipes, or of the 
pipe formed by the junction of soil _ 
and waste-water pipes (if such junc- Pie abet Gating F 5 TL mi J is Ver 
tion cannot be avoided), there must and Trap, 5 by Jenhinga: ; 
be-also a complete air-disconnection 
between the pipe and drain by means of one of the contrivances now used 











* «¢ Honestly speaking, traps are dangerous articles to deal with; they should be treated 
merely as auxiliaries to a good drainage system.” (Eassie.) 
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‘by engineers, At the point where this disconnection is made, there ought to 
be some casy means of getting at it fur inspection. 

There are various plans of disconnecting the house pipe and outside drain. 

: The simplest plan is to trap just 





; dp outside the house; to open the 
e: drain on the side of the trap most 
——— Pipe distant from the house, and to carry 
é g can a3 lp - e ry 
eee se gf wa 4-inch pipe to as great a height 
Aa a F as can he managed. 
_— SE Ty EOF In Mansergh’s “ ventilating trap ” 


a there is a small trap connected with 


iho Seah Ae a saa - the house pipe, and a larger one con- 
ig, 0, MolmaworthacToap.p,Howe pipe. # nected with the drain pipe, opposite 

allow efflux of gas if the water-trap is forced. ty Which is a ventilating pipe of 4 

¢, Drain. inches diameter, running up to the 
top of the house. Between the house pipe aud the drain pipe is the water of the 
trap, surmounted by a yrating to the open air, Another plan is, to have a 
syphon or inidfcather-trap, with a grating over the water in the trap which is 
nearest the house, The rain-water pipes, and the pipes carrying merely waste 
washing or bath-water, can ope over this grating, If the sewer air is forced 
back, it will rise through the grating in all probability, or if drawn into the house, 
will be much diluted. One advantage of this plan is, if the trap gets dry or 
clogged, and foul air passes through the grating, it is soon detected, and the 
trap is examined, Professor Reynolds* has suggested an arrangement which 
avers very good and simple. 

A man-hole is sunk about two feet square, to the outside drain, and an 
open cemented trough is formed of the sume width as the drain; the house 
pipe on one side and the drain on the other are couneeted with the trough, 
but are depressed so that the water stands in the trough half-an-inch higher 
on the sewer side, and one inch above the mouth of the pipe on the house 
side, There is, in fact, a double midfeather water-trap, sv to speak, and an 
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Fig 90—Reynolds’s Man-hole and Trough, and Rain-spout opening over Trou gh, 


opening over the water between the two, which will allow gas to eseape if it 
forces its way from the sewer. 

Professor Reynolds considers that if this arrangement is adopted no other 
traps will be necessary, and all the house pipes may be left untrapped except 
the cluset pipe. 

A rain-water pipe inay open above the open part of the trough to clear 
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* Sewer Gas, by Osborne Reynolds, M.A., Professor of Engineering at Owen’ 
Manchester, Sdedition. 1872. : ngineering at Owen's College, 
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away any scum which may collect in the trough. The plan may be carried 
out more simply by inserting a pipe in the centre of a syphon, and carrying 
this pipe to the surface, or higher if considered desirable. 
There are various similar arrangements. The ‘“ Somerset (ow Wt 
Patent Trap,” designed by Myr Honeyman, and much SST 
used at Glasgow, is a midfeather trap with an air-shaft on Fig. 91.—Syphon 
each side the partition ; on one side the shaft ventilates the ae in the 
pipe leading to the sewer; on the other, alluws fresh air to seis 
pass into the house pipe. This second shaft also allows the trap to be cleaned.* 
Rain-water pipes are sometimes used to ventilate drains, but independent 
of their small size, which often leads to blockage, they are often full of rain, 
and cannot act at the time when ventilation is most required. 
it Quam pew 
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Fig, 93.---Cottam's 
Etluvium Trap, 





Fig. $  -Halbard’s 
Gulley Trap, with 
3 Water. valves 


Pig, 92,-- 
Simple 
Gulley 
Trap. 
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Fig. 94.- Doulton’s 
Valve aud Flap 
Niwad Gully. 


In yards, gully traps of different kinds are used, the action of which will 
be at once understood from the drawings. 


netionw of House Pipes aul Trappe. 

Pipes and traps are generally so covered in that they cannot he mspected ; 
hut this isa had arrangement. If possible, all cover and skirting boards 
concealing them should be removed, and the pipe and trap underground laid 
bare, and every joint and bend looked to. But supposing this cannot he 
done, and that we wust exainine as well as we can in the dark, so to speak, 
the following is the best course. Let water run down the pipe, and see tf 
there is any smell; if so, the pipe is full of foul aiv and wants ventilation, or 
the trap is bad. Ifa lighted candle, or a bit of sinouldering brown paper, is 
held over the entrance of the pipe or the grating over a trap, a reflux of air 
may be found with or without water being poured down. It should be 
noticed, also, whether the water runs away at once, or if there is any check. 
This is all that can be done inside the house ; but though the pipe cannot he 
disturbed inside, it may be possible to open the earth outside, and to get 
down to and open a drain ; in that case, pour water mixed with lime down 
the house pipe ; if the whitened water is long in appearance, and then runs in 
a dribble merely, the drains want flushing ; if it is much coloured and mixed 
With dirt, it shows the pipes and trap are foul, or there isa sinking or 
depression in some part of the drain where the water is lodging. The pipe 
should then be flushed by pouring down a pailful of lime and water till the 
limuwater Hows off nearly clear. 


* The forme of trapa lately introduced are very numerous, some apparently very good, such 
ag Potts’ Edinburgh Trap and Banner's Trap ; others would probably be fairly efficient, whilst 
yi would iia useless, Drawings of many will be found in Mr Kassic’s and Mr Bailey 

nton’s worl 
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Yard-traps are often very foul, and if the trap-water be stirred, gas bubbles 
out, which is a sign of great foulness, or that the traps are seldom used. 


Main Sewers. 


The outside house drain ends in a channel which is common to several 
drains, and which is of larger size. These larger sewers are made either of 
round glazed earthenware pipes from 15 to 24 
inches diameter, or of well-burnt impervious brick 
moulded in proper curved shape and set in 
Portland cement, or stoneware bricks are partly 
used. The shape now almost universally given, 
2 except in the largest outfall part, is that of an 
Fig. 96,—Brooks’s combined egg with the sinall end downwards. Engineers 
in and Subsoil Pipe. take the greatest care with these brick sewers ; 
they are most solidly put together in all parts, and are bedded on a firm un- 
yielding bed, Much discussion has taken place as to their size, and the 
general opinion of engineers appears to be, that a strect or main drain should 
be large enough to allow aman to creep through, but that all other sewers 
should be smaller, and with such a fall as to be self-cleansing. 

Sewers should be Jaid in as straight lines as possible, with a regular fall ; 
tributary sewers should not enter at right angles, but obliquely ; and if the 
sewer curves, the radius of the curve should not be less than 10 times the 
cross sectional diameter of the sewer. Sometimes there is an arrangement for 
subsoil drainage under a pipe drain, as in the plan proposed by Mr Brooks. 

The fall for street drains is usually from 1 in 244 to 1 in 784, according to 
the size of thedrain. The flow through a sewer should in no case be less than 
2 feet por second, and 3 is better. As in the house drain, the fall should be 
equable without sudden changes of level.* 





Access to Sewers. 


It is of importance that to all sewers capable of being entered by a man, 
there should bo an easy mode of access. Man-holes opening above, or, what 
is better, at the side, should be provided at such frequent intervals, that the 
sewers can be entered easily and inspected at all points. The man-holes are 
koInetimes provided with an iron shutter to prevent the sewer air passing into 
the street, or by the side of the man-hole there may be a ventilating chamber 
with trays of charcoal. t 

Caleulution of Discharge from Seacers.} 
Sevoral formule have been given, of which the following is the most 
simple :~- 
V=55 x (VD x 2F) x A. 
V = velocity in cubic feet per minute, 
= hydraulic mean depth. 
F = fall in feet per mile. 
A = section area of current of fluid. 


To wse this formula, the hydraulic mean depth when the sewage ia flowing, 
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’ * In some cases a fall is almost impossible to obtain, as, for instance, at Southport, in Lan- 
eashire, where the a is nearly a dead level. The fall there is about 1 in 5000, and never 
exceeds 1 in S000. such a case the drain would have to be cleaned either hy locks or valves 
Rushing-gates) to retain a portion of thu contents for a time, and then set them free suddenly 
order to flush the next saction. 
+ Mr Baldwin Latham joins the sewers in man-holes, s0 that if one is blocked another may 
be used; the outlet being at the lowar level, 
= The following table, taken from Mr Wickateod, will be found useful :-—— 


MOVEMENT OF AIR IN SEWERS. 875 


and the amount of fall in feet per mile, must be first ascertained. The 
hydraulic mean depth is }th the diameter if the pipe is running full ; if the 
pipe is not full, it is the section area of current of fluid divided by the wetted 
perimeter. The wetted perimeter is that part of the circle of the pipe wetted 
by the fluid. The fall in feet per mile is easily obtained, as the fall in 50 or 
100 or 200 feet can be measured, and the fall per mile calculated (5280 fect 
=1 mile). Having got these numbers, multiply the hydraulic mean depth 
by twice the fall in feet per mile, and take out the square root. Multiply 
this by 55, and the result by the section area, The number obtained gives 
the amount in eubic feet per minute. 


Movement of Air in the Sewers aul Ventilation.* 


It seems certain that no brick sewer can be made air-tight ; for on account 
of the numerous openings into houses, or from leakage through brickwork, or 
exit through gratings, man-holes, and ventilating shafts, the air of the tubes 
is in constant comnection with the external air. There is generally, it is 
believed, a current of air with the streanr of water if it be rapid. The tension 
of air in main sewers is seldom very different from that of the atmosphere, or 
if there be nruch difference equilibrium is quickly restored. In twenty-three 
observations on the air of a Liverpool sewer, it was found by Dr Burdon- 
Sanderson and myself,t that in fifteen cases the tension was bess in the sewer 
than in the atmosphere outside (7, the outside air had a tendency to pass 
in), and in eight cases the reverse ; but on the average of the whole, there wag 
a slight indraught into the sewer. In the London sewers, on the other hand, 
Sanderson noticed an excess of pressure in the sewers. 

If at any time there is a very rapid flow of water into a sewer, as im heavy 
rains, the air in the sewer must be displaced with preat force, and possibly 








Sewers, 

Velocity 
Tifameter. in fect per Gradient 

minute, required. 
4 inches . 4 - 240 : E 1 in 36 
6 ,, . é . 220) 1, 65 
8 ,, - e é 220 Igy 87 
9 ,, toe BR 1 ,, 98 
10 ,, ‘ ; ; 230 1, 219 
15 ,, . ele TKO 1 ,, 244 
8 ,, . . . 30 1, 24 
21 ,, ee 180 1 ,, 343 
24 ,, rae ¢.)) 1 ,, 302 
Ww ,, re t..! 1 ,, 490 
36, a ee |. ee aera... 
48 ,, . 180 1 ,, 734 


Mr Latham (Lectures on Sanitary Engineering, delivered to the Royal Engineers at Chatham) 
gives a table, of which the following is an extract :— 
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In this table the velocity in feet multiplied by the iuclination a bare the length of the 
sewer to which the calculation applies. For example, if the velocity is 6 feet per second in a 
pipe whose diameter is 4 inches, then 6 x 24 = 144 feet is the length of the sewer. 
For composition of oly a sir, nee p. 108. 
+ Report on the Sanitary Condition of Liverpool, 1870, p. 27. 
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may force weak traps ; but the pressure of air in the sewers is not appreciably 
affected by the rise of the tide in the case of acaboard towns.* The tide rises 
slowly, and the air is displaced so cyuably and gradually through the nume- 
rous apertures, that no movement can be detected. It is not possible, there- 
fore, that it can force water-traps in good order. . 

On the contrary, the blowing off of steam, or the discharge of air from an 
nir-pump (as in some trade operations), greatly heightens the pressure, and 
night drive air into houses. Se also the wind blowing on the mouth of an 
open sewer must force the air back with great force. 

It is, therefore, Important to protect the vutfall mouth of the sewer aga nest 
wind by means of a flap, and to prohibit steam or air being forced into sewers, 

To how preat an extent it is the openings into houses which thus reduce 
the tension of the air in main sewers Is difficult to say, but there can be little 
doubt that a large effect is produced by houses which thus act as ventilating 
shafts. 

When a sewer ends in a en! de sae at a high-level sewer, gas will rise and 
press with some force ; at least in one or two cases, the opening of such a cul 
de sue has been followed by so strong a rush of air as to show that there bad 
heen considerable tension, — It is also highly probable, from the way in which 
houses string at the more elevated parts of sewers, and communicating with 
them, are annoyed by the constant entrance of sewer air, while houses lower 
down escape, that some of the gases may rise to the higher levels. 

That no sewer is airtight ix certain, but the openings through which the 

air escapes are often those we should least desire. 1t is therefore absolutely 
nevessary to provide means of exit of foul and entrance of fresh air, and not 
to rely on accidental openings. The air of the sewer should be placed in the 
nowt constant connection with the external air, by making openings at every 
point where they can be put with safety. In London there are numerous 
gratings whieh open directly into the streets, and this plan, simple and 
apparently rude as it is, ean be adopted with advantage whenever the strests 
are het too narrow. but in narrow streets the sewer gratings often become so 
offensive that the inhabitants stop them up. In steh cases, the outpouring 
sewer airmust be deodorised with charcoal, or there must be ventilating shafts 
of as large a diameter as can be afforded, and running up sufficiently high to 
safely discharge the sewer air In some of these eases it may be possible to 
connect the sewers with factory chimneya.f The sewer should never be con- 
nected with the chimneys of dwelliny-houses. 
In making openings in sewers it seems useless to follow any regular plan. 
Phe nevement of the sewer air is too irregular to alow us to suppose it can 
ever be got to move ina single direction, though probably the most usual 
course of the air current is with the stream of water, if this be rapid. The 
openings should be placed wherever it can conveniently be done without creat- 
Ing a nuisance, Some of these openings will be inlets, others outlets, but in 
any case dilution of the sewage eflluvin is sure to be obtained. Mr Rawlinson 
considers that every main sewer should have one ventilator every 100 yards, 
or 18 to a mile, and this should be a large effective opening.§ 
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® Vide same Report, p. 21, for the casu of Liverpool. Dr Corfield’s observation at Scar- 
herough was contirmatory. 

+ In Liverpool there are amall shafts with Archimedean screws at the top, From the obser- 
vations of Sanderson and myself, it appears that these serews do act, but not to such an 
extent as to warrant the expense. 

* It seems inadvisable to erect chimreys and use fires with an idea of ventilating the 
sewers op a general er the air would simply be drawn with great force through the nearest 
openings. But local ventilation by a factory chininey, when gratings cannot be used, is a 
different thing. 

§ Others have recommended one in 50 yards. 
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But there may be cases when special appliances must be used. For ex- 
ainple, in what are called “ sewers of deposit,” as when the outflow of the 
sewer water is checked for several hours daily by the tide or other causes, it 
may be necessary to provide special shafts, and the 
indication for this will be the evidence of constant 
escape of sewer-air at particular points. 

Charcoal Truys.—The use of charcoal traps (a8 re- 
commended by Stenhouse) in such shafts, or at the 
sile of gratings, is becoming very common, The 
charcoal should be in pieces about the size of a small 
bean, and should be in two or three strata of from 2 to 
3 inches each in thickness. It should be protected 
from wet, and will then act for years, If too thickly», g. 97,—-Chareoal Trays, 
Jaid, or If pressed together, the charcoul may impede — Sewer Outlet Pipes. 
the movement of the air. 

In the city of London, the boxes used by Mr Heywood are of iron, 18 
inches deep and 14 inches wide, and containing six trays, each containing 
charcoal pieces as large as filberts, 2 inches deep. The sewer gas nist pase 
through the charcoal and not over it; the air, after passing through the char- 
coal, is inodorous ; the charcoal absorbs gases and organie matter, whieh it 
oxidises into nitric acid ; it alse absorbs a good deal of water, but. this docs 
not impair its power.* 

Mr Baldwin Latham has invented a very excellent plan. The charcoal is 
in a spiral tray, and special arrangements are made to prevent the chareval 
getting wet, and receiving dirt from the streets. 
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Lusxpection of Sewers, 


The inspection of sewers isin many towns a matter of yreat difliculty, on 
account of the means of aceess being insufficient, and also heeause the length 
of the sewers is so great. Sul inspection is a necessity, especially in the old 
flat sewers, and should be systematically carried out, and a record kept of the 
depth of water, the amount of deposit, and of sewer-slime on the side or roof, 

Choking of and Deposits in Sewers,—Canses— Original bad constrietion ; too 
little full; sharp curves ; sinking of floor ; want of water ; cheek of flow by 
tiles, su that the heavy parts subside. 

Well made sewers with a good supply of water are sometimes self-cleansing 
and quite free from deposit, but this is, unfortunately, not always the case. 

Even in so-called sclf-cleansing sewers, it: bas been noticed by Mr Rawlinson 
that the changing level of the water in the sewers leaves a deposit: on the 
sides, Which, being alternately wet and dry, soon putrifies, Tn foul sewers a 
quantity of slimy matter collects on the crown of the sewers ; it is sometimes 
2 tu 4 inches in thickness, and is highly offensive. When obtained from a 
Liverpool sewer hy Dr Burdon-Sanderson and myself, we found it alkaline 
from ammonia and containing nitrates.f On misroscopic examination, this 
Liverpool sewer-slime contained an immense amount of funyoid growth and 


* Miller, Chem. News, March 1568 An able writer in the Lancet, May 1872, states 
that for every square inch of surface vutlet there should be 60 sqaare inches of charcoal trays. 
Recent experience hay rather discredited the use of charcoal trays; the charcoal requires to 
be frequently changed and often gets clogged with dust, so as to act as an obstruction, See 
Bailey Denton’s Sanitary Engineering, pp. 213, 214. . 

+ Report on the Sanitary State of Liverpool by Drs Parkes and Burdon-Sanileraon, 1871. 
The amount of free ammonia was ‘025 parts per cent.; the albumino:d ammonia was 00482, 
and the nitric acid ‘2035 percent. Photographs are given of the microscopic appearances 
of the slime in this repo 
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Bacteria, as well as some conferve, There were also acari and remains of 
other animals and ova. 

When deposits occur, they are either removed by the sewer-men, or they 
are carried away by flushing of water. : 

Flushing of Sewers.—This is sometimes done by simply carrying a hose 
from the nearest hydrant into the sewer, or Teservoirs are provided at certain 
points which are suddenly emptied. The sewer water itself is used for flush- 
ing, being dammed up at one point by a flushing-gate, and when a sufficient 
quantity hua collected the gate is opened.* Some towns (as Leeds) are 
adopting self-acting tumblers for water-closets, i.e., water-troughs working 
on an eccentric axis and receiving water at a regulated rate until the trough 
is filled toa certain point; it then turns over, so that the contents pour 
suddenly into the closet, 1t then rights itself, and the water fills it slowly to 
the proper point again. A plan of this kind is equally applicable to sewers. 

Almost all engineers attach great importance to regular flushing, and the 
advantage of allowing the rain to enter the sewers is the scouring effect of a 
heavy rainfall which is thus obtained. 


DIsPosAL OF THE SEWER WATER. 


The great engineering skill now available in all European countries can 
ensure in the case of any new works that the construction of sewers shall he 
perfect. If an engineer can obtain good materials, good workmen, and a 
proper supply of water, there is no doubt that sewers can be so solidly con- 
structed and so well ventilated that the danger of deposits in the sewers, or 
of sewer air entering and carrying disease into houses, is removed. 

tut the difficulty of the plan of removing excreta by water really commences 
at the outfall. How is the sewer water to be disposed of ? 

This difficulty is felt in the case of the foul water flowing from houses and 
factories without atmixture of excreta almost as much as in sewer water with 
excreta. The exclusion of excreta from sewers, as far as it can be done, 
would not solve the problem—would, indeed, hardly lessen its difficulty. In 
seshourd towns the water may flow into the sea, but in inland towns it cannot 
be discharged into rivers, being now prohibited by law. Independent of the 
contamination of the drinking water, the sewer water often kills fish, creates 
& nuisances which is actionable, and in some cases silts up the bed of the 
stream, It requires in some way to be purified before discharge. At the 
present ruoment the disposal of the sewer water is the sanitary problem of 
the day, and it is impossible to be certain which of the many plans may be 
finally adopted. It will be convenient to briefly describe these plans. 


1. Storage in Tank, with Overflow. 


The sewer water raus into a cemented tank with an overfluw-pipe, which 
somotimes leads into a second tank similarly arranged, the solids subside, and 
are removed from time to time; the liquid is allowed to run away. Instead 
of letting the liquid run into a ditch or stream, it has been suggested to take 
it in drain pipes, 4 to ] foot under ground, and so let it escape in this way 
into the subsoil, where it will be readily absorbed by the roots of grasses, In 
a light soil this could no doubt be readily done ; and, if the drain pipes are 
well laid, a considerable extent of grass land could be supplied by this sub- 
terranean irrigation. The tank plan ia, however, only adapted for a small 








* Baldwin Latham points ont that there is ¢ point of flow in all sewers when they discharge 
more than when running full. <A good flushing power may be obtained at considerably jeas 
than the full discharge. Tables are given in his Sanitary incering. 
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scale, such as a single house or small village, and there should be ventilation 
between the tank and the house in all cases. 


2. Discharge at once into Running Water. 


All new works of this description are now prohibited, and the plan will 
probably ultimately cease in this country.* 


3. Discharge into the Sea. 


The outlet pipe must be carried to luw water, and, if possible, should be 
always under water. A tide flap opening outwards is usually provided. lf 
not under water constantly, special care must be taken to prevent the wind 
blowing up the sewers. The tide will fill the outfall sewers (which are 
generally made large) to the level of high water, and to that extent will 
check the discharge, and in the sewers filled with the mixed sea water and 
sewage there will be deposit. To remove this special attention is necessary. 

If the sewage cannot be got well out to sea, and if it issues in narrow 
channels, it may cause a nuisance, and may require to be purified before dis- 
charge. In the Rivers Pollutions Act (1876) power is given to prohibit dis- 
charve intv the sea or tidal waters under certain circumstances. f 


4, Preeipitation, 


Another plan is not to pour the whole sewage into rivers, but to precipitate 
the solid part, or the greater portion of it, and then to allow the liquid to 
pass into the stream or over the land. 

This is sometimes done by simple subsidence, the sewage being received 
into settling reservoirs or trenches, with strainers to arrest the flow to some 
extent. When the solid matter has collected to a certain amount, the sewage 
is turned into another reservoir, and the thick part, being mixed with coal 
refuse or street sweepings, is suld as manure. 

The thin water which runs off must be almost as dangerous as the sewaze 
itself when poured into streams, and consequently the prohibition to discharge 
sewer water extends to it also. 

In order to produce greater purification, the sewage in the subsiding tanks 


Oe EE et ee ee le SE eee ERY eee ee A oem oo ee ee en nt een en Ee a a ie | 








eed 


* When sewer water passes into a river it undergoes considerable purification by subsidence, 
by the influence of water plants, and in a lesser degree by oxidation. Although some oxidation 
of nitrogenous organic matters into nitrous and nitric acids and ammonia must take place, it 
appears from Franklin's experiments,* that in the river Irwell, which receives the sewage of 

ancheater, after a run of 1] miles, and falling over six weirs, there is no formation of nitrites 
and nitrates, and there is even an increase in the organic nitrogen (?), though the suspended 
matters are lesa (from 2°8 to 1°44 parts per 10,000) than at first. Average London scwaye 
diluted with 9 jon of water and syphoned from one vessel into another so as to represent a 
flow of 96 and 192 miles, gave a percentage retluction in the openie nitrogen of 28:4 and 33.3 
respectively. The oxidation of sewage appears, then, from these experiments, to take place 
slowly. Dr Letheby considers, however, that oxidation takes place more rapidly, and that if 
sewage is mixed with 20 times its bulk of water, and flows for 9 miles, it will be perfectly 
oxidised.+ Of course, it is clear that ova, and solid parts of the body, like epithelium, might 
be totally unchanged for long pies and we may conclude that oxidation of sewage in 
running water cannot be depended on for perfect safety, 

+ The word “ stream” (into which sewage is not to be passed) is defined by section 20 of 
the Act, thus :—‘‘Stream includes the sea to such extent and tidal waters to such point, as 
may, after local inquiry and on sanitary grounds, be determined by the Local Government 
Board, by order published in the London Gazette. Save as aforesaid, it includes rivers, 
streams, canals, lakes, watercourses, other than watercourses, at the passing of this Act, 
mainly used as sewers, and emptying directly into the sea or tidal waters, which have not 
been determined to be streams within the meaning of this Act by such order as aforesaid,” 
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* Reporte of the Commissioners intedto Inquire into the Pollution of Rivers, 1870, vols. 1. fi. and Lil, 

} Report of East London Water Bill Committee (1867), p. 480, qnestion 732-4. 
As formerly mentioned, I bave found unchanged epithelium in unfiltered Thames water after a transit 
in « barrel of 8 miles, and after keeping for fiye months. Jt was very transparent and worn, but quite 
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is now usually mixed with some chemical agency which may precipitate the 
suspended matters. 

Numerous substances have been employed as precipitants.* 

Lime Salts.—Quicklime (proportion 8 to 12 grains per gallon), or 1 tb of 
lime for 600 gallons of sewage (nearly); chloride of lime which is added to 
quicklime in the proportion of about Jyth part of chluride to 1 of lime ; calcic 
phosphate dissolved in sulphuric acid, or a mixture of mono- and di-calcie 
phosphate with a little lime (Whitthread’s patent),} are said to be good pre- 
cipitants. Chloride of caluium has been also recommended. 

a Albuninous Substances.—Alominous earth mixed with sulphuric acid (Bird’s 
process) ; impure sulphate of aluminium (Anderson’s and Leuk’s processes) ; 
refuse of alum works, either alone or mixed with lime or charcoal ; clay mixed 
with lime (Seott’s cement process) ; natural phosphate of aluminium dissolved 
by sulphuric acid and mixed with lime. In all these cases the amount of the 
substance added is from 50 to 80 grains per giilon of sewer water. 

Mugaesian Salte wixed with lime in the forin of superphosphutes (Blyth) ; 
Impure chloride of miagnesiuin. 

Carbon in the shape of vegetable charcoal 5; peat; seaweed charcoal ;  car- 
bonised tan; lignite; Boghead coke, Onasmall scale charcoal answers fairly, 
and the residue is a valuable mannre. 

Jrov in the shape of sulphaie ; perchloride (Ellerman’s and Dale’s liquid) ; 
the sulphate is sometimes mixed with lime and coal dust. 

Meangancee,— Condy’s fluid, 

Zive suphate and chloride, 

The deposit obtained from any of these provesses is collected and dried. It 
is usually dried on a hot floor, a stream of hot air being allowed also to pass 
over it. There is some little difliculty in drying it, but this is now being 
evervoine, Of these various precipitants the best appear to be the aluminous 
preparations ; the crude sulphate of alumina prepared by Dr Anderson of 
Coventry ; the solution patented by Mr Lenk 5 the vA, B, C process of Mr 
Sillar, which consists of alum, blood, charcoal, and clay ;{ and Mr Forbes’ 
sulphuric acid selution of uatural phosphate of alumina, Al) produce rapid 
subsidence of the suspended matters, and clarify the liquid to a very great ex- 
tent. The sulphuric acid alsu tends to prevent decomposition of the deposit. 
Jn using these substances the sewage water is received into a tank or well, and 
there, or on its way thither, receives the precipitating agent, which is generally 
mixed by means of a screw or turbine, After thorough mixing, the precipi- 
tate ia allowed to subside, and the saperabundant water is run off. The de- 
posit is then dug out and dried, After drying the deposit appears to possess 
sotge agricultural value§ and to be saleable at’ a price which, in some cases, 
lvaves a sinall profit. The profit is never large, and in some instances there 
has been even a loss, The clear water from all these processes contains 
ammonia and oxidisable organic matters, ag well as phosphoric acid (in most 


* An interesting account of the precipitating processes is given in a book called The 
Sewage Question, the author of which has had the advantage of Dr Letheby’s notes and 
analyses. A list of no less than 57 processes or proposals is yiven at page 38, from which it 
appeara that the tirst precipitant was proposed by Dehoissieu so long ago as 1762, and was a 
mixture of acetate of lead and ie of iron. 

+ This patent was found to give good results in removing suspended matters and organic 
nitrogen, and the Committee of the British Association considered the process deserved 
“(further investigation.” It appears, however, to have come at present to a standstill. 

} The proportions are stated to be, 6 grains of alum, 4 grain of blood, 20 grains of clay, and 
6 grains of charcoal, to 10,000 grains of sewer water. Sometimes a little lime is added. 

§ This never exceeds one-third of the theeretical or chemica! value. Thus the product by 
Anderaon’s process at Coventry is estimated theoretically at 163. 9/d. per ton; the practical 
value is only Sa, 6a. to 8s. dd. See Dr Voelcker's Reports, in the Report of a Committee on 
Town Sewage, (1876), p. 1x. e¢ seg. 
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cases) and potash, and it would thus appear that a considerable part of the 
substances which give fertilising power to sewage remain in the effluent water. 

The caustic lime process, when properly applied, appears also to be a power- 
ful precipitant, but the deposit has no agricultural value. 

The metallic precipitants of various kinds (iron, zinc, manganese) arc more 
expensive and less useful. Blyth’s magnesian process was unfavourably re- 
ported on by Mr Way. 

When the sewer water is cleared by any of these plans, is it fit to be dis- 
charged into streams ? In the opinion of some authotities, if the precipitate 
is a good one it may be so, and it appears certain that in many cases it is 
chemically a tolerably pure water, and it will no longer silt up the bed or 
cause a nuisance. But it still contains in all cases some organic matter, as 
well as ammonia, potash, and phosphoric acid.* Tt has, therefore, fertilising 
powers certainly, and possibly it has also injurious powers, No proof of this 
has been given, but also no disproof at present, and when we consider how 
sina the agencies of the specific diseases probably are, and how likely it is 
that they remain suspended, we do not seem to be In a position to expect thit 
the water, after the subsidence of the deposit, will he safe to drink. We 
must adopt, I believe here, the plan which is the safest for the community ; 
and the effluent water should therefore be used for irrigation, or be filtered 
before discharge. The elear fluid is well adapted for market. gardens ;— the 
plants grown as vegetables for the table are sometimes injured) by irrigation 
with unpurified sewer water, but they thrive with the purified effluent water. 

Tn arranging any processes for precipitation everything must be as simple 
as possible ; there is no margin for expenditure on complicated arrangements. 


Serge Cement, 


Instead of using the dried deposit as manure, General Scott has proposed 
to make cement, and for this purpose adds Tume and clay to the sewer wafer, 
The deposit contains so much combustible matter that it requires less coal to 
burn it than would otherwise be the case, and the saving thus effected enables 
(it is supposed) cement to be sold at a renninerative rate. Tf this should tara 
out to be the case, the sewage cement process has the advantage of destroying 
by fire everything which might be injurious in the deposit, while the effluent 
water, which contains rather more than two-thirds of the chlorine and three- 
fourths of the dissolved nitrogen, hag rome value as an irrigator. At 
present the pecuniary results of the procesa cannot be properly determined. 
General Scott also proposes to use the burnt material as manure to léwe the 
land in some cases. 


5. Filtration through Eurth, Chareoal, §e. 


By filtration through earth is meant the bringing of sewer water upon a 
comparatively small area of porous soil, which is broken up and comminuted 
above, and is deeply underdrained, so that the sewer water may pass through 
the soil and issue by the drains. Mr Dyke, in explaining the system 
employed at Merthyr-Tydvilt by Mr Bailey Denton, lays down the following 


* Many analyses are given in the First and Second Reports of the Rivers Pollution Com- 
missioners, from which it appears that on on average the chemical processes remove 89°5 per 
cent. of the suspended matters, but only 36°6 per cent. of the organic nitrogen dissolved in the 
liquid. Mr Crookes’ analyses show that the A BC process, when well carried out, removes all 
the phosphoric acid. Voelcker’s analysis of the effluent water treated by the acid phosphate 
of alanine contains more ammonia than the original sewer water, less organic nitrogen hy one- 
half, and leas phosphoric acid ; it is pure enough to be discharged into streams. 

+ On me Downward Intermittent Filtration of Sewage at Merthyr-Tydvil, by T. J. Dyke, 
F.R.C.8. Eng. 
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conditions :—There should be—ls, a porous soil; 2d, an effluent drain, not 
less than 6 feet from the surface ; 3d, proper fall of land to allow the sewage 
to spread over the whole land; and 4th, division of filtering area into four 
parts, each part to receive sewage for six hours, and to have an interval of 
eighteen hours. He considers that an acre of land would take 100,000 
gallons per day, though this seems a rather large amount.* The best soil for 
filtration appears tu be a loose marl, containing hydrated iron oxide and 
alumina, but sand and even chalk produce excellent resulta. But in order 
that filtration shall be successful it is necessary that the amount of filtering 
material shall be large ; it must not be less than 1 cubic yard for 8 gallons of 
sewaye in 24 hours,t and in the case of some soils must be more. If the 
drains are 6 feet below the surface, then an acre will contain 9680 cubic yards 
of filtering material, and at 8 galluns per yard] an acre would suffice for 77,440 
gallons. Crops may be grown on the land, and indeed it is desirable that 
they should be, 

When the filters are too small, they fail to do much good ; and Letheby has 
given analyses which prove that small filters may be nearly useless. It 
appears undesirable to use charcoal filters on this account, and all filtration 
through charcoal has been a failure. Spongy iron has been lately very 
strongly recommended. 

Filtration may be downwards or upwards, but the former kind is much 
more efficacious, Upward filtration may be said to be now abandoned. 

Condition of the Hfluent Water.—When 5°6 gallons of sewage were 
filtered in twenty-four hours through a cubic vard of earth, if was found by 
the Rivers Pollution Commissioners that the organic carbon was reduced from 
4°36 parts to ‘734, and the organic nitrogen from 2-484 parts to ‘108 parts 
in 100,000. The whole of the sediment was removed, Nitrates and nitrites, 
which did not exist before filtration, were found afterwards, showing oxida- 
tion. 


6. Irrigation.} 


By irrigation is meant the passage of sewer water over and through the 
sil, with the view of bringing it as speedily as possible under the influence 
of growing plants. For this purpose it is desirable that the sewer water 
should be brought to the land in as fresh a state as possible. In some cases, 
as at Carlisle, carbolic avid in small quantities has been added to the sewage 
in its flow for the purpose of preventing decomposition, and the plan appears 
to be effectual. The sewer water is usually warmer than the air at all times, 
and will often cause growth even in winter. 

The effect on growing plants, but especially on Italian rye-grass, is very 
great; immonse crops are obtained, although occasionally the grass is rank and 
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* At Merthyr-Tydvil 20 acres of land were divided into beds, which sloped towards the effluent 
drain by « fallof 1 in 150. The surface was ploughed in ridges, on which vegetables were sown ; 
the sewage (strained) passed from a carrier along the raised margin of each bed into the fur- 
rows, The effluent water was atated to be pure enough to be used for drink. Since 1872 
these filter-beds, as well as 230 acres of other portions of the land, have been used as ordinary 
irrigation ground. The effluent water remains bright and pure. a on Town Sewage. ) 

+ The Rivers Pollution Commissioners give a smaller amount, viz. 64 gallons per cubic yard; 
but some of their experiments seem to show that we must increase the amount. For example, 
the soi] at Beddington was found by them to have a remarkable power of nitrification up to the 
extent of 7°6 gallons per cubic yard in twenty-four hours. But when this rate was doubled 
nitrification ceased, and the soil became clogged. The best soil experimented on (Dursley 
soil) containing 48 of silica and 18 of oxide of iron, purified 9-9 gallons in twenty-four hours 
per cubic yard. But ae few soils would be so good, the limit of 8 gallous is nel in the text. 

t On the application of sewage te land many works have been published. Dr Corfield’s 
work on the Treatment and Utilisation of Sewage, 2d edition, and the Report of the Committee 
of the British Association, 1872, give the best summary of the subject. Also the Report of 
the Committee on Town Sewage, 1876. 
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rather watery. For cereals and roots it is also well adapted at certain periods 
of growth, as well as for market vegetables when the viscid parts are separated. 
When the sewer water permeates through the soil there occur—ls/, a 
mechanical arrest of suspended matters ; 2d, an oxidation producing nitritica- 
tion, both of which results depend on the porosity and physical attraction of 
the soil; and, 3d, chemical interchanges. The last action is important. in 
agriculture, and has been examined by Bischof, Liebig, Way,* Henneberg, 
Warrington,t and others. Hydrated ferric oxide and alumina absorb 
phosphoric acid from its salts, and a highly basic compound of the acid and 
metallic oxide is formed. They act more powerfully than the silicates in 
this way. The hydrated double silicates absorb bases. Silicates of aluminiuin 
and calcium absorb ammonia and potassium from all the salts of those bases, 
and a new hydrated double silicate is formed, in which calciuin is more or less 
perfectly replaced by potassium or ammonium. Humus also forms insvuluble 
compounds with these bases. Absorption of potash or ammonia is usually 
attended with separation of lime, which then takes carbonie acid. 

The soil must be properly prepared for sewage irrigation ; either a gentle 
slope, or a ridge with a gentle slope on each side of about 30 feet wide,t with 
a conduit at the summit, or flat basins surrounded by ridges, are the uanal 
plans. The sewer water is allowed to trickle down the slope at the rate of 
about 8 feet per hour, or is let at once into the flat basin. The water passes 
through the soil, and should be carried off hy drains from 5 to 6 fovet deep, 
and thence into the nearest water-course, 

The sewer water should reach the ground in as fresh a state as possible ; it 
is usually run through coarse strainers to arrest any large substances which 
find their way into the sewers, and to keep back the grosser parts which form 
a scum over the land; it is then received into tanks, whenee it is curried to 
the land by gravitation, or is pumped up. The “ carriers” of the sewer 
water are either simple trenches in the ground, or brick culverts, or concreted. 
channels, and by means of simple dams and gates the water is directed into 
one or other channel as may be required. Everything is now made as simple 
and inexpensive as possible—-underground channels and jets, bydrants, hose 
and jets, are tou expensive, and overweight the plan with unnecessary outlay. 

The amount of land required is, on an average, 1 acre to 100 persons ; this 
is equal to a square of 70 yards to the side, and will take 2000 gallons in 
twenty-four hours. 

The sewer water is applied intermittently when the plants are growing ; but. 
in winter it is sometimes used constantly, so as to store up nourishment in 
the soil for the plant-growth in the spring.§ 

The amount of sewer water which can be applied will vary with the kind 


RN e cne meee eMbnepeen et, Aap Ns LAA. PS OE RNS Teen Renee t= Nat ATT CEO Neca tns cy pinta Atta e—Rilomna—ineie Smits aoe matnaiwowh yet! 


* Journal of Royal Agricultural Society, vol. xi. 

+ Chemical News, May 1879, Warrington’s paper gives a is resumé of the subject, and 
many original experiments, and can he consulted for full details. 

+ This is the arrangement of Mr Hope's tarm at. Romford. 

§ See an interesting paper on the Utilisation of the Sewage of Paris, by Sandford Moore, 
B.A., Assist.-Surgeon, 4th Dragoon Guards (Medical Times and Gazette, June 1870). In 
the summer “ arrosage ” is practised : the land is ploughed in furrows and ridges, and the water 
is allowed to flow into the furrows, and not allowed to wet the vegetables which are pla ted 
on the ridges. In winter ‘“ colmatage” is had recourse to; the ridges ate levelled and the 
entire surface is submerged under sewage water. The sewers of Paria receive only a small part 
of the solid excreta (though most of the urine), but the fluid is highly fertilising. Precipita- 
tion with alum was also formerly had recourse to in Paris, but has now been abandoned. 

For detailed information see the Report of the Prefecture of the Seine, “ Sur |'asuainiase- 
ment de la Seine.” An abstract is given in the Annales des ponts et Chaussées, an is 
translated by R. Manning, M.I.C.E., (E. and F. N. Spon.) 1876. Similar works are in pro- 
cess at Berlin and are described in the same paper. At Brussels, the Senne, during its passage 
through the city, is no longer used as the main sewer, and although the sewage is still poured 
into it at a lower point, it will ultimately be disposed of by irrigation. 
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of ground, the amount of rain, and the season of the year. In the yew ending 
1871, it appears that, on the Lodge farm at Barking, 622,324 tons of sewage 
were ‘applied to 163 acres (nearly), or about 3800 tons per acre. In the six- 
teen months ending December 1872, the average quantity was 3342 tons per 
acre annually. On the most porous part of the farm as much as 960 tons 
have been applied in twelve hours.* 


Condition of the Efiuent Water after Irriyation. 


When the sewer water passes over and not through the soil, it is often im- 
pure, and even suspended matters of comparatively large size (such as 
epithelium) have been found in the water of the stteam into which it flows. 
It requires, therefore, that care shall be taken in every sewaye farm that the 
water shall not escape too soon, Dr Letheby,t whose authority on such a 
question ne one can doubt, rates the cleansing power of soil much lower than 
the Rivers Pollution Commissioners or the Committee of the British Assucia- 
tion, and bis analyses make it at any rate quite certain that the proper purili- 
cation of the sewer water demands very careful preparation of the ground in 
the first instance, and constant care afterwards, But the chemical evidence 
of the good effect of irrigation is too strong to admit a doubt to exist, as will 
be seen from the following table. t 


ge From the Report of the Rirers I ne Commissioners, 
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Percentage of dissolve ; - ‘ 
‘Oy roma of ak ane A ! 
Results of Irrigation, in parts per 100,000, : ech on ; Avante 
| Orgame 3 Organic “olutian | 
! Cathie Niuiaxe n. ) Removed. | 
{ ee Gah aera See > =) Sn aySy < Se A es \ 
(On fallow land at Chorley (adhesive Joan), 623 0) Ta | 100- ; 
| At Edinburgh (both sand and ¢ _ , : to ar) oe Rf9 
| Barking (gravelly soil), -; GOS ots | 100" 
Aldershot (light want), 
Best result, . : -5 OES 5 RR. 90-7 | 
Worst result. . i 68 , aso | 87 | 
Average’result, f 6809 | BHT! 93°7 
Carlisle (light loam), | 9779 | bo | Io | 
Penrith (light loam), | 70 © G72 1 100 | 
Rugby (adhesive soil), : 923 5 g29 | 960 | 
Banbury (principally a , | | 
Best result, . ‘ : St'°8 | 18 96-0 | 
Worst result, ; . 1 64) (BOT | g8 ij 
Avorage result, : : -) FO) BHT N32 | 
Warwivk (stiff clay), ; o* FG | 896 100° 
Worthing (loam), . : | 27) 06fl BB! 104 
Bedford (light gravelly soil’. | : | 
Average result, es ee) 100° 
Norwood (clay), 
Avotage result, ‘ ‘ en i ro) a 160° 
Croydon (gravelly soil h : | 
Best result, . -| 782 | 982 ) yoo? | 
Worst result, -j} 616 | Gud | 100° 
Avorage reault, -{| Of4 | 91°8 100° 


These results are much area than those of any chemical arecabiak the 
best reault of the lime process giving a removal of only 65-8 per cent. of the 


* Mr Morgan’ 8 5 Report, quoted in Food, Air, and Water, Dec. 1871 

t The Sewage Question, 1872, A eee -27. 
+ The standard of purity which the effluent water should have has not yet been fixed. That 
pro i by the Rivers Pollution Conmmissioners, which is based on the method of analysis 
proposed by Dr Frankland, and which is not yet universally admitted, was as follows :— 
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organic nitrogen, and the best result of Sillar’s (A, B, C) plan giving only a 
percentage of 58:9. They are not quite so good as the duwnward filtration 
plan, but the difference is not great. 


Do Sewage Irrigation Farms affect the Public Health or Public Comfort ? 


That sewage farms, if too near to houses and if not carefully conducted, may 
give off disagreeable effluvia, is certain ; but it is also clear that in some farms 
this is very trifling, and that when the sewer water gets on the land it soan 
ceases, It is denied by some persons that more nuisance is excited than by 
any other mode of using manure. As regards health, it has been alleged that 
these farms may—lef, Give off effluvia which may produce enteric fever, or 
dysentery, or some allied affection ; or, 2¢, Aid in the spread of entozoic 
diseases ; or, 3d, Make ground swampy and marshy, and may also poison 
wells, and thus affect health. 

The evidence of Edinburgh, Croydon,* Aldershot, Rugby, Worthing, 
Romford, the Sussex Lunatic Asylum,f is very strong against any influence 
in the production of typhoid by sewage farms’ efHuvia. On the other hand, 
Dr Clouston’s record of the outbreak of dysentery in the Cumberland Asylum 
(sce page 131), is counter-evidence of weight, and so is one of the cases noted 
by Letheby,{ of typhoid fever outbreak at Copley, when a meadow waa irri- 
gated with the brook water containing the sewage of Halifax. 

The negative evidence is, however, so strong as to justify the view that the 
effluvia from a well-managed sewage farm do not produce typhoid fever or 
dysentery, or any affection of the kind. Ina case at) Eton, in which some 
cases of enterie fever were attributed to the effuvia, Dr Buchanan discovered 
that the sewer water had been drunk ; this was more likely to have been the 


cause, 
With regard to the second point, the spread of entozoie diseases by the 
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Standard of Rivers Pollution Commissioners. Macimim of lapurily permissible in 100,000 
parts by weight of the liquid. 
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A certain degree of acidity or alkalinity is also ordered not to he surpassed, In the discus. 
sions on the Public Health Bill in the House of Commons, this standard, which had been 
embodied in the Bill, was struck out, and the standard is left to be hereafter determined. 
(No standard is given in the Rivers Pollution Act of 1876.) The ohjection to the plan is not 
merely the douht about the substances represented by organic carbon or nitrogen, but aluo 
because the etandar] «oes not take into consideration the volume of water into w ich the toul 
water flows. The Thames Conservancy Commissioners adopt a standard for effluent sewage 


plies Must not exceed in 70,000 parts. 
Suspended matters rr er er rr ae |” 
Fa solids, hs e ° e . . r r s € ip ” 
nic carbon, . .  .- ar eee . % ‘ - 
Le nitrogen,. —- a ee ee se ee . O7%,, 
* Carpenter, various papers and essays on this subject drawn from the experience of Croy- 
don Sewage Farm. 
+ De J. W. Williams, Brit. Med. Journal, llth May 1872, 
+ The Sewage Question, p. 190. Z 
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carriage of the sewer water to the land, has been thought probable by Cobbold, 
though as sulid excreta from towns have been for some years largely employed 
as manure, it is doubtful whether the liquid plans would be more dangerous, 
The special entozoic diseases which, it is feared, might thus arise, are Tape- 
worms, Roundworns, Trichina, Bilharzia, and Distoma hepaticum in sheep. 
Cobbold’s latest observations show that the embryos of Billharzia die so rapidly 
that, even if it were introduced into England, there would be little danger. 
The Trichina disease is only known at present to be produced in men by the 
worms in the flesh of pigs which is eaten, and it seems doubtful whether pigs 
receive them from the land. There remain, then, only Tapewornis and Round- 
worms for men and Distoma hepaticum for sheep to be dreaded. With re- 
gard to these, the evidence at present 1s negative ; and though much weight 
must be attached to any opinion of Cobbold’s, this argument. against sewage 
irrigation must be admitted to want evidence from experience,* 

The third criticism appears to be true, The land may become swampy, 
and the adjacent wells poisoned, and disease (aguet and perhaps diarrhiea and 
dysentory) be thus produced. But this is owing to mismanagement, and when 
a sewage farm is properly arranged it is not damp, and the wells do not suffer. 


Objections to Seicers, 


Tho main objections are as follows :— 

1. That as underground channels, connecting bouses, they allow transference 
of effluvia from place to place. The objection is based on good evidence, but 
it must be said in reply that, if proper traps are put down, and if air-discon- 
nection, in addition, is made between the ontaide drains and the house pipe, 
such transference is impossible, The objeetion is realy against an error of 
construction, and not against the plan as properly carried out. Besides, the 
objection is equally good against any kind of sewer, and yet such underground 
conduits are indispensable. 

2. That the pipes break and contaminate the ground. This is a great evil, 
and it requires care to avoid it. But such strong pipes are now made, that if 
builders would be more careful to make a good bed, and to connect the joiuts 
firmly, there would be no danger of leakage, as far as the pipe drains are 
concerned, and not much damage of the main brick sewers, At great depths, 
alao, the pressure of the soil water will rather cause entry than exit from the 
sewers. 

3. That the water supply is constantly in danger of contamination. This 
also is true, and as long as overflow pipes from cisterns are earried into Rewers, 
and builders will not take care to make a complete separation between water 
pipes and refuse pipes, there is a source of danger, But this is again clearly 
an error in constructive detail, and is no argument against a proper arrange- 
ment. 


On THe INFLUENCE THE ConsTRUCTION oF SEWERS HAS HAD ON THE L)EaTH 
Rate or Towns. 


Reference has already been made to the possibility of sewers being the 
channels by which enteric fevers and cholera have been propagated from 
house to house, and from which emanations, causing diarrhwa and other com- 
plaints, may arise. Admitting the occasional occurrence of such cases, it 


* Cobbold has since withdrawn his objection. 


+ There is no ague or any other disease traceable to the sewage irrigation at Craigentinny, 
near Edinburgh. 
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remains to be seen whether the sanitary advantages of sewers may not greatly 
counterbalance their defects. The difficulty of proving this point statistically 
consists in the number of other conditions affecting the health of a town in 
addition to those of sewerage. Dr Buchanan* has, however, given some 
valuable evidence on this point, which has been well commented on by Mr 
Simon. He inquired into the total death rate from all causes, and the death 
rate from some particular diseases, in twenty-five towns before and after 
sanitary improvements, which consisted principally of better water supply, 
sewerwe, and town conservancy. The general result is to show that these 
sanitary improvements have resulted in a lowering of the death rate in 
nineteen out of twenty-five towns, the average reduetion in these nineteen 
cases being 10°35 per cent. The reduction in typhoid (enteric) fever was 
extremely marked, and occurred in twenty-one towns out of twenty-four, the 
average reduction being 45-4 per cent. in the deaths from typhoid. In three 
cases there was an augmentation of typhoid fever, but this was manifestly 
owing to Imperfection in the sewerage arrangements ; and these cases alford 
excellent instances of the unfavourable part badly-arranged sewers may play 
in this direction. + 

Diarra has been also reduced, but not to such an extent; and in some 
towns it has increased, while typhoid fever has simultaneously diminished. t 
But the term diarrhwa is so loosely used in the returns as to make any 
deduction uncertain. Cholera epidemics Dr Buchanan considers to have been 
rendered © practically harmless.” The immense significance of this statement 
will be at onee appreciated. Whether the result is owing solely to the 
sewerage or to the improved water supply, which is generally obtained at the 
auune time, is not certain, Phthisis, which Dr Buchanan and Dr Bowditchs 
tind to be so much influenced by dampness of soil, does not appear to have 
been affected by the removal of excreta per sc, at least towns such as Alnwick 
and Beymmawr, which are thoroughly drained, show no lowering in’ the 
phthisical wortality. Nor could Dr Buchanan trace any effeet on the other 
diseases of the lungs. 

As far as ean he seen, the effeet of good sewerave has therefore been to 
reduce the general death rate, especially by the reduction of deaths from 
typhoid and from cholera (and in some towns from diarrhea), but partly, in 
all probability, by general Improvement of the health. The action has been, 
in fact, very much in the direction we might have anticipated.|| 

It may be observed, that this inquiry by Dr Buchanan does not deal with 
the question as between sewers and efficient dry methods of removing excreta 
(on which point we possess at present no evidence), but between sewerage and 
the old system of cesspools. 


* Ninth Report of the Medical Officer to the Privy Council, p. 12 ef seq. and p. 40. 

+ See the case of Worthing (p. 45), for a striking instance of the spread of typhoid through 
sewers. 

+ Virchow has called attention to the lessening of typhoid. 

§ Ninth and Tenth Reports of the Medical Officers to the Privy Council. See especially Dr 
Buchanan's Report in the last-named work, p. 57. See also chapter on SolL, p. 331. 

| The case of Dantzig is a good illustration. In the nine years from 1868 to 1871, before the 
town was drained and rig gel with pure water, the death-rate was 36°9 per 1000, almost the 
same as in the previous 38 years (1825-62), 36°5. In the five years, 1872 to 1976, when the 
new drainage and water-works were in full oe it was only 28°5; thus there was an 
apparent saving of 3156 lives during that period. Cholera has attacked es eleven times, 
generally severely, and in 1866 it killed 1098 persons. It returned in 1878, but wan unable 
to gain a footing, only 91 persons falling victims to it. Children being uaually the most 
delicate indicators of disease, it was found that in the firat period, before the drainage, there 
died out of every 1000 inhabitants 13°04 children ; in the second perio, after the drainage, 
only 10°77; or the lives of 855 children were saved during the second period, (Danzige 
Zeitung, quoted in Deutsche Vierteljahrachaft f. Of, Ges. Stor. Bd. 2tes. Hit. p. 350). 
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Mopirications OF THE Wer Metuop or Removine Excreta. 
The Separute System. 


By this term is meant the arrangement which carries the rain-water in 
separate channela into the most conveniont water-course.* Mr Ward’s 
celebrated phrase “the rain to the river, the sewage to the soil,” is the 
principle of this plan. Its advantages are that the sewers can be smaller ; 
that the amount of sewer water to be dealt with at the outflow is much less 
in quantity, more regular in flow, and richer in fertilising ingredients, and is, 
therefore, more easily and cheaply disposed of. The grit and débris of the 
roads also are not carried into the sewers; and the storm waters never flood 
the houses in the low parts of the town. 

The disadvantages are, that separate channels and pipes have to be provided 
for the rain; that the rain from all large cities carries from reufs and from 
streets much organic délris which pollutes streains, and that the scouring 
effect. of the rain on sewers is lost. 

The adoption of one or other system will probably depen | on local condi- 
tions, If a town in Europe lies low, and it ix expensive to Jift sewage ; if 
Jund cannot be obtained ; or if the natural contour of the ground is very 
favourable for the flow of rain in one direction, while itis convenient to carry 
the sewage in another, the separate system would be the best. So also in the 
tropics, with a heavy rainfall and along dry season, the providing of sewers 
large enough to carry off the min would be too expensive for all except the 
richest cities, and the disposal of the storm water would be difficult. 

In all casesin which rain enters the sewers, some plan ought to be adopted 
for storm waters.¢ If irrigation is the plan carried ont, the sewer water 
bocomes so dilute and so large in quantity in storms, that the application to 
land is usually suspended, and the sewer water is allowed to pass at once into 
streams. 

In this way the evil which irrigation is intended to prevent is produced, 
though, doubtless, the sewer water is highly dilute. In London, the storm 
waters aro allowed to flow into the Thames, special openings being provided. 


In many of the continental cities, the fluid and solid exercta fall into a 
receptacle with perforated sides or bottom, so that the fluid part drains away 
and the solid is retained, and is removed from time to time. Such a plan 
may keep the sewers free from deposit, but has the yreat disadvantage of 
retaining large collections of excreta close to and in many cases immediately 
under or in the collars of houses, and no ventilation can entirely remove all 
offluvia. 

Animprovement on this plan isa method proposed by Mr Chesshire, of 
Birmingham. He places outside the house, in any place where access is easy, 
a comparatively small box, connected by trapped pipes with the water-closet 
at one end, and the sewer at the other. The lid of the box is fixed down 
with concrete or putty, so that the access of air is stopped. Across one end 
of the box is a single or double strainer, which allows the urine and water to 
pass, but retaina the solids. From time to time the box is lifted out, carted 
away, and another is inserted. The solid matter is almost free from odour, 
as the limited access of air hinders putrefaction. 
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* On this nae the worka of Mr Menzies, who first described this plan, and of ‘Colonel 
Lapobs Bi ( date on the Drainage of Oxford, Eton, Windsor, and Abingdon, 1868), will 
found very useful, 
+ Plans for thie purpose are figured and described in the works on Sanitary Engineering, 
by Baldwin Latham, and Bailey Denton. 
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The difficulty about this plan is the occasional blockage of the strainer, so 
that the solid matters remain wet, and may soon fill the box, so that the lid 
may be forced off. The liquid which flows from the box is of course highly 
impure with excreta, but the retention of the solids prevents blockage of the 
sewers. At present it can only be said that this plan has not been yet 
practically established on the large scale, but is well worthy of extended trial, 
particularly in cases where the ditticulties of irrigation are great. 


Water-Closets and Water-Troughe. 


Water-Closets.—The pan of the closet is usually a cone in earthenware 
(which is better than metal), and a syphon or flap valve below. In addition, 
there are numerous contrivances for flushing the pan and syphon, and for 
preventing the escape of the air from the soil-pipe into the house.* The soil- 
pipe is usually of cast lead ; but both lead and iron are easily eaten through, 
as shown by Dr Fergus, and earthenware pipes, if strong and well joined, 
would be preferable. ¢ 

The points to be looked to in examining closets are—lef, That the pan is 
nearly a cone, and not a half circle with a flat bottom ; 2, That the amount 
and force of water is sufficient to sweep everything out of the syphon ; 34, 
That the soil pipe is ventilated below the syphon, by being carried up to the 
top of the house; 444, That the junction of syphon and svil-pipe and the 
lengths of the soil-pipe are perfect. 

With respect to water, a pipe from the house cistern frequently leads to the 
closet ; but if so, there is some danger of gas rising through the pipe. There 
should be a special sinall cistern for the use of the closet. What are termed 
water-waste preventers are now commonly used, either fed by a cistern or by 
constant supply. They are boxes which are emptied by a valve into the pan, 
and are then slowly refilled. There are many kinds, and most of them dis- 
charge from 3 to 14 gallon at atime. The amount should not be less than a 
gallon, and the fall should not be Jess than 3 or 4 feet, so as to insure thorough 
scouring of the soil-pipe.[ In an ingenious arrangement by Mr Commons 
(based, I believe, on an idea of Mr Jolland’s), the water is stored in an 
inverted iron bottle, the air in which is compressed by the water. When the 
valve is opened, the compressed air drives down the water with great force. 

The ventilation of the suil-pipe is a matter of im- 
portance, as the water from the pan suddenly displaces 
a large body of foul air, which rises through the syphon 
as the water flows. A small pipe below the syphon, 
running to the outer air and discharging at some point _ 
far from windows, seems the best arrangement. Lut Sie 
there ought always to be another opening to the air, gS | aa. 2 
from which air may be drawn, so as to create a current. 
This may be done, either by a grated trap below, or 
(as in Banner's plan) by drawing air from another Fig. 98.--Molesworth’s 
abaft carried up the house, The currents in the two Pan and Ventilation of Soil 
shafts are determined by reversed cowls.§ a 
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* Mr Eassie’s work, “ nesiey Houses,” gives a food account of the various kinds of closets. 
+ In his work on Sanitary nts for Dwellings, Mr Eassie does not approve of 
earthenware pipes, preferring the atrongest cast lead to any other. 

+ The Army Sanitary Committes (On Sanitary Appliances, Blue Book, 1871, p. 17), state that 
the amount of water used in the water-closets in the arm y in, for Green's closet, between § le 
and 1 gallon for each time of use ; Underhay’s, Lambert's, and the pan-closet, from 1 to 14 gal- 
lon ; and for Jenuing’s closet usually the same, or in some stations 3 lige 

§ For the outgoing pipe, cially if there be merely a grating below as an inlet, & cowl fs 
not absolutely , but if required, various kinds are applicable, Besides Banner's, that 
of Dr Macdonald and also Boyle’s might be used. 
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Dr Taylor of Anerley has invented a trap on this plan, and in which a good 
scouring effect of water is secured. 

Mr Jenning’s closet, with plug and water trap, has the advantage of 
effectually preventing the regurgitation, but the plan is rather expensive. 

The position of the closet is a matter of great moment. If possible, it 
should always be in an outbuilding, or a projection, with thorough ventilation 
between it and the house. In two-storied Duildings it might be put ina 
amall third story in the roof, and well ventilated above. The windows in 
a closet ought always to open quite to the ceiling. 

In all cases, a tube should pass from the top of the closet to the outer air ; 
and, if the closet is in a bad situation, should be heated by a gas jet. 

It is a bad plan to have the pull-up handle covered by the lid ;* it should 
be able to be pulled up when the lid is shut, or the shutting of the lid should 
open the water-waste preventer cistern, 

The plan of placing closets in the basement should be entirely given up ; 
closet air is certain to be drawn into the house. 

Water-T'roughs or Latrines.-—-These are very strong earthenware or cast-Iron 
receptacles, which are about half full of water. The excreta drop into the 

rater, and once or twice a day a valve is raised, and the water and excreta 
pass intoadrain, In Liverpool, where excellent water-troughs are in use, 
there is a receptacle into which fall bits of bricks, towels, or other things 
which are thrown in, so that they are stopped and fished out when the trough 
is emptied, and do not pass inte the dram. The amount of water in the 
water latrines used in some barracks is about 5 gallons per head daily, so that 
the plan is not economicnl of water, but, as it avoids all loss by the dripping 
in closets, there is probably no great excess of expenditure. It is a good plan 
to have a tlexible hose attached to the water pipe, so as to wash thoroughly 
the seata and partitions every day. 

The chief objection to this plan is the hibour which is necessary to empty 
the trough ; but the plan saves expenditure in repairs to water-closets, and in 
this respect there is some compensation. F 

In judging of the value of a water-trough, the amount of water, the surface 
exposed to evaporation, and the completeness of the thushing, are the ponits 
to look to, 


Dry Metuops.t 


The use of sewers and removal by water are in many cases impracticable, 
A fall cannot be obtained 5; or there is insufficient water : or the severity of 
the climate freezes the water for months in the year, and removal by its means 
cannot be attempted. Then either the excreta will accumulate about houses, 
or must be removed in substance daily or periodically. Even when water is 
abundant, and sewers can be made, many agriculturists are in favour of the 
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* In Dr Aldridge’s patent the handle cannot be pulled up until the lid is shut down; there 
is alao arrangement for carrying off foul gas by means of a pipe communicating with the outer 
air, the lid itself being air-tight round the rim of the seat 

+ In the army two kinds of latrines (Macfarlane’s, of cast-iron, and Jenning’s of earthen- 
ware) have been in use for about fifteen years. The Army Sanitary Committee (On Sanitary 
Applications intruducedl into Barracks, Blue Book, 1871, p. 14) state that out of 188 barracks 
only 6&3 have been charged with repairs, and the average expenditure on these 43 has been 12s, 
per barrack annually for Macfarlane’s, and 18s. Od. per harrack for Jenning’s Jatrine, and nearly 
the whole of these expenses have been caused by articles thrown carelessly into the latrines. 

+ On the dry methods of removal a very good paper has been published by Dr Buchanan and 
Mr Radoliffe (Twelfth Report of the Medical Officer to the Privy Council, 1870, pp. 80 and 
111); also another by Mr Netten Raccliffe. a on certain means of preventing Excrement 
Nuisances in Towns and Villages (New Series, No. 2, 1874). ; 
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dry system, as giving a more valuable fertilising product ; and various plans 
are in use. 

It is not necessary to consider here the employment of cesspools, deadwells, 
&¢., as such plans must be considered quite unsanitary, and should be invari- 
ably discontinued. If excreta are ever allowed to accumulate, it should be in 
properly prepared reeeptacles, and after admixture with deodorants. 


Removal without Admixture. 


In some cases, the solid and liquid excreta pass into boxes or tanks, which 
are emptied daily, or from time to time, and the sewage is at once applied to 
land without further treatment. In Glasgow, the excreta from one part of 
the town, containing 80,000 people, are now removed every day without 
admixture, except with the garbage from the bouses, and are sent long 
distances at a profit.* Lf the removal ean be made daily, the plan is a good 
one ; the manure should not be applied in the immediate neighbourhood of 
dwellings, and the Barrack Commissioners have ordered that it shall not be 
put on land nearer barracks than 500 yards, 

In sume towns in the North of England (Salford, Halifax, Nottingham), 
the receptacles are lined with some absorbent material (refuse of cloth manu- 
factures) intended to absorb the urine (Goux system) 3 in other cases the urine 
is carried off by a pipe into a drain; the intention being, in both cases, to 
make the fweal matter drier, and to delay decomposition, 

In others, the soi] bemg removed daily, or at short intervals, is taken to a 
manufactory, and there subjected to manipulations which convert it into a 
manure, 

Under the term “ Poudrette,” manufactories of this kind linve been Jong 
arried on in France, though they are said not to be very profitable, At 
present, however, a portion of the nitrogen of the urea is converted into 
ammonia, and is united with sulphuric acid, and comes into the market as 
sulpbate. In England, also, there have been several manufactorics, such as 
the “ Hyde Patent Manure Eureka Company,” who reduced the soil to one- 
seventh of its bulk by the application of heat, and obtained a good manure. 
Actions for nuisance, on account of the efiluvia, and the expense of the pro- 
cess, caused, huwever, the company to wind up. 

There have been great discussions as to the salubrity of the Freneh 
poudrette manufacturies, and the evidence is that they are not mjurious to the 
workmen or to the neighbourhvod, although often incommedious, But the 
poudrette can take on a kind of fermentation which renders it dangerous, and 
Parent-Duchdtelet has recorded two cases of outbreaks of a fatal fever 
(typhoid 1) on board ships loaded with poudrette, In the case of the ureka 
Company no bad efiect was produced on the health of the men. 


Admixture with Deodorising and Anti-putrescent Substiunees. 


Usually, however, some deodorising substance is mixed with the excreta 
before they are removed from the house, and they are then at once applied to 
land without further preparation, Mr Moule’s advocacy of the use of dried 
earth has brought into prominent notice the great deodorising powers of this 
substance, and perhaps no suggestion of late years has had more important 
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* At Carlsruhe, Mannheim, Rastadt, and Bruchsal the excreta are removed in boxes holding 
about 116 cubic feet (Prussian) every evening. From an experience of eighteen years (1851- 
1868), the excreta of 6351 men (mean strength) returned 7628 florins per annum, or abont Is. 
11d. English money per head. In Bruchsal it was 1s, 1d., and in Mannheim 2s. 6d. per head. 
This rich manure bas converted the sandy wastes into fertile corn-fields. 

+ Nearly all the solid excreta of Paris are dealt with in the same way, at the great depOt of 
Clichy-Varenne, 
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consequences. The various substances employed to prevent odour and decom- 
position are as follows : 

1. Coal and Wood Ashes.—This is a common practice in the north 
of England, and closets are made with hinged flaps or seats, so that the coal 
ashes may be thrown on the sewage. Sometimes screens are used, so that 
the large cinders are held back, and can be again used for firing. In some 
towns there are receptacles (middens) intended both for excreta and ashes ; 
sometimes these are cemented, but are usually porous, and there may be a 
pipe leading into a sewer so as to dry them. The midden system is a bad 
one; even with every care, the vast heaps of putrefying material which 
accumulate in some of our towns must have a very deleterious influence on 
the health, and the sooner all middens are abolished the better. The deodo- 
rising effect of coal ashes is very slight. The mixture of coal ashes and 
excreta usually finds a sale, but the profit is much greater if no ashes are 
mixed with it. Wood ashes are fur more powerful as deodorisers, but it is 
not easy in this country to have a proper supply. 

2. Churcoal.—There is no better deodoriser than charcoal.* Animal char- 
coal is too expensive, and peat charcoal is cheaper ; according to Dunebell, 3 
ounces of peat charcoal are equal to 14 tb of earth ; and this author states 
that the cost of charcoal for a family of six persons would only be Is. 6d. per 
month. A plan has been proposed by Mr Stanford, + and is in use at Glasgow, 
which may obviate the difficulty of price. Mr Stanford proposes to obtain 
charcoa] from seaweed ; the charcoal is cheap, and remarkably useful as a 
deodoriser. After it has become thoroughly impreynated with feces and 
urine, the mixture is re-carbonised in a retort, and the carbon can be again 
used ; the distilled products (ammoniacal liquor, containing acetate of lime, 
tar, gas) are sufficient to pay the cost, and it is said even to give a profit. 

The closet used with this carbon is, in principle, similar to Moule’s earth 
closet, with various improvements for more theroughly mixing the charcoal 
and sewage. 

The advantages claimed for Mr Stanford’s process are the complete deodo- 
rising effect ; the small amount of charcoal required as compared with dry 
garth (three-fourths less required) ; the value of the dry manure, or of the 
distilled products, if the mixture is reburnt ; and, in the last case (burning), 
the complete destruction of all noxious agencies. Tn using it the mixed char- 
coal and sewage may be stored for some months without odour in sume con- 
venient receptacle outside, but not under the house ; and Mr Stanford states 
that all the house urine can be also allowed to flow into this receptacle. The 
reburning of the mixture can be in a gas retort, or a special retort is built for 
the purpose ; the charcoal left in the retort is returned to the house. 

3. Barth.—Since the Rev. Mr Moule pointed out the powerful deodorising 
properties of dried earth, many different clusets have been proposed. 

Mr Moule’s earth closet consists of a wooden box, with a receptacle below, 
and a hopper above, from which dried earth falls on the sewaye when the 
plug is pulled up. The earth is previously dried, and about 14 to 14 Bb of 
the dried earth per head daily is the usual allowance. For a single house, 
the earth can be dried over the kitchen fire ; but ifa village is to be supplied, 
a small shed, fitted with tiles, below which smoke pipes from a small furnace 
pars, is required. The earth used in the closet is sufficient to deodorise the 
solid excreta, and the portion of the urine passed with them ; but the rest of 
the urine and the house water has to be carried off in pipes, and disposed of 





* At Kreilingen in Holland, a pail syatem is in use, where charcoal is employed made from 
burning town refuse. It appears to yield a product of sufficient value to pay itself. 
+ Chemical News, Jane and October 1869, and Feb. 1872. 
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in some other way. The receptacle is emptied from time to time, and the 
mixture is stored until it can be applied to land. 

The advantages of this plan are obvious ; its disadvantages are the necessity 
of collecting, and drying, and storing the earth, which for cottagors who have 
littls space, and possibly no means of getting earth, is a serious matter. The 
supply of dried earth to large towns is almost a matter of impussibility, av 
large is the amount required.* Ayain, the attention necessary to prevent the 
house water being thrown in, and to remove the soil at sufficiently short 
periods, sometimes militate againat the success, To obviate these dis- 
advantages, some modifications have been introduced into Moule’s closet ; one 
side of the receptacle may be covered with a grating, leading to a pipe, so that 
all fluids drain away, and the house water can be thrown in. In another 
plan, as in Taylor’s improved closet, the urine is carried away without mixing 
at all with the solid excreta. Sometimes the urine thus separated 1s led into 
another box of earth, and is thus more easily disposed of, if there are no 
means of taking it entirely away ; or it is passed into a tank, and then used 
as liquid manure. In another modification (Muser’s), a partition along the 
front holds sume absorbent substance (sawdust, straw), into which the urine 
passes, and the solids are thus kept dry. This separation of the urine and 
solids certainly appears to be an improvement. Dr Carpenter of Croydon 
reports well of these closets (Baily Denton, op. e7t. p. 102). 

The best kind of earth is clay, marl, and vegetable humus; when dried, 
the clay is easily powdered. Chalk and pure sand are of little use. 

The earth system is coming into great use in India, and is carried out with 
great attention to detail, In those Muropean stations where water Is net pro- 
curable, Mr Moule’s invention has been a boon of grent value, and J have 
been told by medical officers that nothing has been done in India of late years 
which has contributed so much to the health and comfort of the men.¢ = The 
plan of separating the urine from the feces has been strongly advocated by 
Dr Cornish of Madras, and would no doubt be attended with great advantages 
in India, if there are means of disposal of the urine, The chief difficulty in 
the European barracks in India is felt during the rainy seasons, when the 
mixed excreta and earth cannot be kept snfticiently dry. 

In the case of natives of India, however, a serious difficulty arises in the 
use of the earth system, in consequence of the universal use of water for 
ablution after using the closet. Every native takes with him a small vessel 
holding 10 to 20 ounces of water, so that a large amount of fluid has to be 
disposed of. The usual earth closet ducs not suffice for this. Mr Charles 
Turner, C.E., of Southampton, has contrived a closet suitable for the native 
family ;{ it is unfortunately too costly, and possibly a simple iron box, with 
a pipe to carry off the urine and ablution water, would be better suited for 
the poorer classes. 

It appears from the observations of Mr Fawcus, at the jail of Alipore, that 
more earth must be used for vegetable than for animal feeders; the experi- 
ments gave 5:1 tb avoir. (24 seers) of undried earth for the daily evacuation 
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* For workhouses, prisons, barracks in country places, where there is plenty of labour, and 
no difficulty in obtaining and afterwards of disposing of the earth, the plan is almost perfect. 
So also for small villages, if some central authority arranges for the supply of earth, and for 
the removal of the used soil. For a good statement of the advantages of the earth system, see 
Dr Hawksley’s paper in the Report of the Leamington Congress on the Sewage of Towns. 
The British Sanitary Co. has a good form of this closet. 

+ An account of the penal arrangements will be fonnd in the i edition of this work, p. 329. 
T have now omitted it, as the plans are eon tauch altered. : 

~ Fhis was done at the estion of Dr Niven of Bombay. Mr Turner's closet is described 
_ rhe in my report on Hygiene for 1867, Army Medical Report for 1866, published 188, 
vol. viii. p. 307. 
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of a vegetable-feeding Hindoo. The urine discharge (2 1b) required 8-2 tb of 
earth, The earth was efficacious in proportion to the vegetable organic matter 
or humus. In the experiments in this country the clayey matters (silicates 
of alumina) have seemed to be chiefly useful. In Indian jails and some 
cantonments the trench system is used; shallow (1 to 14 foot deep) trenches 
are dug in a field, and earth is thrown over the excreta; when the trenches 
are full, the whole is ploughed up, and vegetables are at once planted, trenches 
being dug elsewhere ; after two or three crops this portion of the field may be 
use| again. Great importance is attached to the early and repeated cropping 
of the yround.* 

4, Deodurising Pawders.-—Instead of charcoal or earth, M‘Dougall’s or 
Calvert's carbolic acid powders inay be used, and this plan has been largely 
adopted in some Indian stations. A comparatively small quantity ia required, 
but the smell of the earbolic acid and the cost are somewhat against the plan. 
Dr Bond’s preparations of Terebene, viz, the Terebene powder, Cupratuin, 
Ferrahin, &e., are very effiacious and have a pleasant odour. Langton-J ones’ 
Universal Disinfecting Powder is inodorous, but not very powerful. 

§. Sawdust mixed with sulphuric or carbolie acid, 1 found the mixture of 
sulphuric acid and sawdust to have little efficacy; the carbolie acid has the 
disadvantage of the odowr which adheres to the clothes, Chloraluin powder 
is also mixed with sawdust, and is moderately efficacious, 

6. In Germany, Siivern’s deodoriser (a mixture of lime, magnesium 
chloride, and coal-tar) is much used. ‘Phe Miiller-Sehiir deodoriser is com- 
posed of 100 th of lime, 20 th of powdered wood charcoal, 10 th of peat 
powder or sawduat, and 1 Tb of carbolic acid contaming 60 to 70 per cent. of 
real avid. After mixing, the mass is put under cover for a night to avoid 
any chance of selfcombustion, and when it is dry itis packed in barrels. 
Lueder and Leidloffs powder, consisting of ferric sulphate, ferrous sulphate, 
ealeium sulphate, and a little free sulphurie acid, is also much used. It is 
woerately successful. 


Arrangement of Closets on the Dry Plan. 


Aw the exerota after being nixed with the deadoriser are in most cases kept 
for some days or even weeks close to the house, the same rules as to position 
and construction of clusets should be employed as in the case of water-cloxets, 
The closet should never be in the basement, but in the roof, or better still in 
a detached building or semi-detached, and with thorough ventilation between 
it aud the house ; there should be a pipe leading at once to the outer air from 
the closet, and one from the receptacle. 

The receptacle itself is usually movable: but if not, it should be most 
carefully cemented so that no leakage may occur. 

With these precautions no odour will be perceived ; but it is still very 
desirable that the removal of the soil should be as frequent as possible. In 
country houses there is no difficulty, but in towns the removal can seldom be 
more frequent than once a week, and often is only once a month. 

The forms of the eloset itself are numerous. Those applicable to the earth 
plan have been already noticed. Colonel Synge, RE, has patented a closet 
for Mr Stanford’s charcoal process (the Alver appliance for dry deodorants). 
In Germany and the north of Europe, where the dry removal, but without 
admixture with deodorant powders, is in much use, there are various closets 


* Two objections have been made to the dry earth aystem : }. It is almoat impossible to 
get rid of a certain amount of smell, even with deodorants. 2. The product is not very valu- 
able, according to Dr Gilbert's analysis, not so valuable as good garden mould, even after the 
earth has been twice used. ‘The chief value is therefore a sanitary one, 
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in which the urine and feeces are separated.* The “air-closet” of Mehlhouse 
is said to be a good arrangement for houses, The urine runs into a porcelain 
funnel fixed on the front wall of the pan, and then into an iron vessel, from 
which it can readily be removed through a valve ; the solids fall into an iron 
receptacle at the back part of the pan. <A discharge tube passes from the 
back and top part of this receptacle mto a chimney. ‘Two openings in the 
front wall, which can be closed by valves, can be used as inlets for the air. 
If a hopper with charcoal or dried carth were attached to this closet, it would 
be almost identical with Taylor's improved closet. f 


Corboniaation. 

Tn 1869, Mr Hickey{ of Darjeeling (Bengal Presidency) proposed to 
carbonise the sewage in retorts, cither with or without previous adinixture 
with charcoal, Almost at the same time Mr Stanford § proposed the plan 
already referred to, of the addition of sea-weed charcoal, and subsequent 
distillation. 

In India the difficulty of obtaining a remmnerative price for the ammoniacal 
products, and the large cost of the apparatus necessary for working the plan, 
has been unfavourable to its success. Dr Macnamara of Calcutta gives the 
following analyses of the products of the carbonisation :---Lsf, Gas (viz, 
hydrogen, 35°36 ; marsh gas, 31-28; oletiant and other heavy hydro-carbons, 
2-4; carbonic oxide, 21°74; carbonic seid, 9, and a trace of phosphoretied 
hydrogen in 100 parts). 2d, Tarlike stuff) the so-called “light-oils.” 3d, 
Ammonineal liquid. 4/4, Residuum = of animal chareval, which rendered 
inodorous an equal weight of excreta. About. 120 th of coke were used to 
burn 3 ton of the mixed excreta, Carbonisation is now being tried in this 
country, and may possibly be commercially suecessful,  Experienee only ean 
show if it is so, but if it will return a profit, there can be no question that it 
is an excellent plan in a purely sanitary point of view. The chief money 
difficulty in the process is the large amount of water which has to be driven 
off, which preatly increases the expense. 

In Manchester Fryer’s patent method is in operation, and it is now being 
applied, in whole or in’ part, at) Birmingham and at Leeds, It consists of a 
Destructor, which reduces to slag all the more bulky town refuse, such as 
cinders and ashes, broken earthenware and glass, which eannot be dealt: with 
except by being accuinulated in a rubbish heap. This slug is ground, mixed 
with lime, and sold asimortar, The apparatus is so arranged that none of the 
heat is lost, while the heated products of combustion pass over fresh portions 
of material and prepare it for combustion. The mass is reduced in bulk to 
one-third. Other refuse, such as condemned food, vegetable garbage, strect 
sweepings, and the like, are reduced to charcoal in another apparatus called 
the Carboniser. The carbon thus produced is used for disinfecting purposes, 
for decolorising the waste water from factories, &e. The excreta proper it in 
proposed to collect in pails and reduce to small bulk, by drying in a closed 
apparatus, called the Concretor; the ammonia being fixed by the sulphuric 
acid fumes produced by the other processes. By this means the contents of 
the pails are reduced to one-twelfth, and a valuable manure obtained, which 
muy be either in the form of poudrette or mixed with a little charcoal. 
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* Roth and Lex (op. cit. p. 454) give a good description of these. Sve also fur some good 
remarks, Pettenkoffer's paper on the Sewerage of Bale (Zeitach. fiir Biologie, band iii. p. 2/3). 
+ Dr Bond has alao invented a guod form of self-acting closet, which separates the urine and 
feces. At Manchester and Salford the cinder-sifting closet of Mr Morrell ia in use. 
+ The Carbonisation or Dry Distillation System of Conservancy, by W. RB. 8. Hickey, C.E, ; 
with a note on Dry Sewage, by F. J. Mouat, M.D., Darjeeling, 1869. 
.§ A Chemist's View of the Sewage Question, Chemical News, June to October 1869, 
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The Pneumatic Air Plan* (Aspiration Plan). 


A Dutch engineer, Captain Liernur, proposed some few years since an 
entirely novel plan. No water or deodorising powders are used ; the excreta 
fall into a straight earthenware pipe, leading to a smaller iron syphon pipe, 
from which they are extracted periodically by exhaustion of the air. The 
extracting force, which can be used (by an air-pump worked by a steam- 
engine), is suid to be equal to a pressure of 1500 fb per square foot, which is 
sufficient to draw the excreta through the tubes with great rapidity. The 
plan has been tried on the small scale at Prague, Rotterdam, Amsterdam, 
Leyden, and Hanan, also at Briinn, Olmutz, and St Petersburg, and the 
opinions concerning it are very various. In Prague the judgment is on the 
whole unfavourable ; in Hanau the report of Virchow, Marggraf, and Hacker, t 
is also not very much in favour of the plan. While in some of the tubes the 
action was satisfactory, in others there were portions of fweal matter adhering 
to the sides, and in one tube thore was reflux of offensive gas. A report on 
the sume plan by a deputation from Frankfort is more favourable.t In 
Amsterdam, the Licrnur system has been in use in two streets since November 
1871, and in Leyden since September 1871.8 In Amsterdain the opinions 
are doubtful ; some reflux of gas and some adherence of fecal matters to parts 
of the tube is noted, and in the syphon all observers agree that some portion 
of fwevs and urine remains, Care on the part of inhabitants, and washing 
some of the tubes with a amall quantity of water, appears to be sumetimes 
necessary ; and in times of cpidemics disinfection must alsu be used. The 
opinions of Schréder and Lorent appear finally to be that, while the system 
can hardly be recommended for hospitals, and in fact is perhaps not to be 
generally recommended, there may be localities where it can be advantageously 
used, as in low-lying marshy places, where irrigation of water sewage cannot 
be used. It is agreed by all that it cannot render sewers unnecessary, 1 have 
not seen this system in operation, but the effect produced upon my mind. by 
reading the reports is, that it is less simple and less efficacious than the English 
plan of dry removal after admixture with deodorants, but that it is more easily 
worked than was anticipated. || 
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* The Sewage Question, by F. C. Krepp, London. 1867. This book was written for the 
a ir of bringing the Licrnur plan before the public, and some parts of it must be taken 
with limitation. 

+ Deutsche Vierteljahrs. fiir dflentl. Gesundsheitapfl, band iii, p. 313 (1871). 

t lbid. band iii. p. 312. 

4 epote of Kauff and Esser in Deutsche Viertelj, fiir off. Gesundsheitspfl. band iv. p. 
316, These gentlemen wore sent from Heidelburg to investigate the plan. Report of Messrs 
Schroder and Lorent (fbid. band iv, p. 48d). In this Report is a good technical and financial 
account. 

| Since this was written, Ballot (Medical Times and Gazette, 15th Feb. 1878) has spoken 
more favourably of it, and considers it to have been a decided success in Amsterdam and 
Leyden. Gori, on the other hand (Med. Times and Gazette, 8th March 1878), has replied to 
Ballot, demes that this ix the case, and declares that in Amsterdam all with one consent say, 
‘It is impracticable.” Ballot adheres, however, to his statement. 

1 saw the system at work ia Leyden in Sept. 1876, when much of its results and details was 
explained to me by the late Professor Boogaard. It seemed very effectual, and there was a total 
absence of odour, although I was present in some of the closets at the moment that the con- 
tents were sucked away by theapparatus. In Leyden the material is sold in barrels in the 
liquid fori, but at Dordrecht, where the newest and most complete works are, it is made into 
poudrette, which is asid to pay. In this country, Mr Adam Scott has done his best to bring it to 
public notice (see his papers in the Builder, Sanitary Record, Public Health, &c.) He considers 
that it has been shown by five years’ experience in Holland, that the pneumatic system, by re- 
moving excrement without any possible pollution of air, soil, or water, has banished typhoid 
and diphtheria, as well as cholera and any diseases that are conveyed by the diach from the 
intestines. The Committee on Town Sewage (Mr Rawlinson and Mr C. S, Roade) speak most dis- 
peragi ly of it, more so, indeed, than seems warranted by all the evidence. On the other 

and, the patent for Austria and Hungary has been purchased by the Vienna Joint-stock 
Agricul Society, who consider it a success, both hygienically and financially, [F. de C.] 
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Much controversy has arisen on this point, though it does not appear that 
the question of the best mode of removing excreta is really a very difticult ono. 
It is simply one which cannot be always answered in the same way. 

It will probably be agreed by all that no large town can exist without, sewers 
to carry off the foul house water, some urine and trade products, and that this 
sewer water must be purified before discharge into streams. The only question 
is, whether fiecal excreta should also pass into the sewers, 

Tt will also be, no doubt, admitted that no argument ought to be drawn 
against sewers from imperfection in their construction. The advocate of water 
removal of svlid excreta can fairly claim that his argument pre-supposes that 
the sewers are laid with all the precision and precaution of modern science ; 
that the houses are thoroughly secured from reflux of sewer air; that the water- 
closets or water-troughs are properly used; and that the other conditions of 
sufficient water supply and power of disposal of the sewer water are aleo present, 
If those conditions are fulfilled, what reason is there for keeping out of the 
sewer water (which must, under any circumstance of urban life, be foul), the 
solid excreta, which, after all, cannot add very greatly to its impurity, and do 
add something to its agricultural value ? 

That itis not the solid exereta alone which cause the difliculty of the 
disposal of sewer water is seen from the case of Birmingham. — That eity ia 
sewered ; it contains nearly 350,000 inhabitants, and is inthe greatest difficulty 
how to dispose of its sewer water ; vet the solid exereta of only 20,000 persona 
pass into the sewers, while the solid excreta: of 325,000) persons are received 
into middens.* The problem of disposal is as serious for Birmingham as if 
all the excreta passed in. 

The great difficulty, in fact, consists not se much in the entranee of the solid 
excreta into sewers, asin the immense quantity of water which Jas to he 
disposed of in the case of very large inland towns with water-closeta. If 
water-elosets are not used, the amount of water supplied to towns, and that of 
sewer witer, are considorably lessened, 

Looking to all the conditions of the problem, it appears to me that it is 
impossible for all towns to have the same plan, and the circumstances of each 
town or village must be considered in determining the best method for the 
removal of excreta. London is particularly well adapted for water sewerage, 
on account of the conformation of the ground north of the Thames, of the 
number of streams (which have all been converted into sewers), aud of the 
comparative facility of getting rid of its sewer water. The same inay be said 
of Liverpool and many other towns. In Lirminghan, on the other hand, the 
inland position, the price of land, and the comparative difticulty of getting 
water, seem to render other plans more desirable. If it had been possible, 
years ago, to act with our present knowledge, and to devise a scheme for 
Birmingham, it would have been best, I believe, to have taken the rainfall 
into the Rea; to have had the sewers merely for house and trade water (which 
would have given a manageable amount for filtration through land); and to 
have introduced the charcoal or some similar deodorising dry plan for the solid 
excreta, and for a part of the urine, with short periods of removal. 

In many towns where land is more available, the immediate application to 
land, either by filtration or irrigation, may be evidently indicated by the 


* Report of the Birmingham Sewage Inquiry Committee (1871), Summary, p. 1]. It we 
however. be added that two-thirds of the middens drain into the sewers, z.¢., allow urine an 
some diffinent fecal matter to eg in. In 1875, 128,512 tons of midden refuse were removed 
and sent to country depdts, to be afterwards disposed of to farmers. 
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conditions of the case, while in others precipitation may have to be resorted 
to before application to land. It does not appear that precipitation should in 
all cases ‘precede irrigation or filtration, though mechanical arrest of the large 

ded matters is necessary. There may be some towns, again, in which 
the impossibility of getting water or land may necessitate the employment of 
dry removal; and this is especially the case with small towns and villages, 
where the expense of good sewers and of a good supply of water is so great 
as to render it impossible to adopt removal by water. It may, indeed, be 
said that, in small towns in agricultural districta, the dry removal, if 
properly carried out, will be the best both for the inhabitants and for the 

and. 


The view here taken that no single system can meet all cases, and that the 
circumstances of every locality must guide the decision, is not a compromise 
between opposing plans, but is simply the conclusion which seems to me 
forced on us by the facts of the case. It does not invalidate the conclusion 
already come to, that where circumstances are favourable for its efficient 
execution, the water sewage plan (with or without interception of rainfall) is 
the best for large communities. 


SECTION IT. 


DEODORISATION OF SEWAGE, 


Under the headings of “ Precipitation of Sewage” and “Dry Removal,” 
the chief deodorisers have been noticed, but it may be convenient to give a 
recapitulation. 


Sus-Section I. 


A very great number of substances have been added to sewage for the 
purpose of preventing decomposition and retaining the ammoniacal com- 
pounds. 

1. Charcoal—which soon, however, gets clogged and loses its power—it is 
not nearly so useful when used in this way as in the purification of air. 
Sillar’s preparation (the A, B, C deodorant) is a mixture of animal charcoal, 
blood, clay, and alum refuse. Messrs Weare & Co’s ia also a charcoal 
process, 

2. Dry earth, especially, as already noticed, marly and clayey soils; the 
effect is similar to charcoal, but it is not so soon clogged. Dr Bird’s prepara- 
tion is ferruginous clay moistened with sulphuric acid, and then dried and 
pulverised. It is said to have a good effect. 

8, Quicklime is sprinkled over the solid excreta, or quicklime and water 
added to sewer water, in proportion already given, till a deposit occura, leaving 
a clear fluid above. This is chiefly caused by the lime forming insoluble 
salta, by union with carbonic and Dae weet acids, and mechanically carrying 
down the suspended matters. sulphuretted hydrogen forms calcium 
sulphide, which remains in the supernatant fluid. The ammonia is set free. 
The potash salts remain in the liquid. Five-sixths of the phosphoric acid are 
in the precipitate. No organic matter is precipitated except mechanically, 
The aclid deposit has little value as manure, The lime delays, but does not 
prevent the subsequent decomposition of the animal and vegetable matters, 
and as the calcium sulphide easily decomposes, sulphuretted hydrogen is very 
liable to be agnin set free from the clear fuid. 

The process, though simple and cheap, is by no means perfect. The addi- 
tion of charcdal to the lime does not materially modify the result, | 
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’ From 15 to 16 grains of quicklimo are enough for 1 gallon of sewage, 
20 ewt. per million gallons. At Leicester 580 tons of bined were casa 
per annum for 4,700,000 tons of sewage. The process has now been discon- 
tinued there, but is still partially employed at Birmingham and elsewhere. 

Hanson’s process consists in the use of slaked lime and black ash refuse, or 
the soda and tank waste from the alkali works, mixed with sulphuric acid. 

4. Cheap salts of alumina, and then lime, or alum sludge, lime, and waste 
animal charcoal (Manning), or zinc and charcoal (Stothert’s process), alum, 
blood, and bone black (Sillar’s process), chloride of aluminium (chlor-alum), 

The alumina precipitated by the lime forms a very bulky precipitate, well 
suited to the entanglement of suspended matters. The clearance of the sewage 
is more perfect than with lime alone, but otherwise the process and the 
objections are the same, and the cost is greater. The whole of the phosphoric 
acid is precipitated as phosphate of alumina. Toa gallon of sewage water 
there should be added 73} grains of sulphate of alumina, 3} grains of sulphate 
of zinc, 734 grains of charcoal, 16} grains of quicklime. 

Chior-alum is a weak solution of chloride of aluminium ; it is not a very 
powerful deodoriser, and must be used in large quantity, but its cheapness 
and want of poisonous properties* are recommendations, and when in sufficient 
amount it is effectual. It is efficacious against ammonia but not against 
sulphuretted hydrogen : it acts modorately against fwcal odour. 

5. Superphosphute of magnesia and lime water (Blyth’s patent). The idea 
was to add a substance which, in addition to deodorising, might be useful as 
@ manure, and it was thought that a double phosphate of magnesia and 
ammonia would be thrown down ; but this salt is sufficiently soluble in water, 
especially when the water contains chloride of sodium, to render this expecta- 
tion incorrect. This method has been practically found to be useless, and to 
be more costly than any other plan. 

6. F. Hille,t whose process is in use at Wimbledon, and is likely to be 
introduced in the town of Aldershot and elsewhere, usea a mixture of lime, 
tar, and salts of magnesium for defecation and deodorising the sewage. The 
effluent water is then passed through artificial filters, or used for irrigation pur- 
poses. This plan has been well spoken of by Captain Flowert and others, 
and it appears to be moderate in cost compared with most other processes, 

7. Iron Perchloride.—When this salt is added to sewage, a precipitate of 
ferric oxide is caused by the ammonium carbonate (which forms so rapidly in 
sewage), and carries with it all the suspended matters of the sewage. A 
clear fluid remains above. The sulphuretted hydrogen falls in the ipitate 
as iron sulphide. As the sulphide of iron tends to form ferric oxide, <r 
being let free, it has been conjectured by Hofmann that an oxidising effect 
from the oxide may follow the first action. 

Both precipitate and supernatant liquid are free from odour. 

This substance has been tried at Croydon and Coventry. From 14 to 29 
grains per gallon of sewage are necessary for London sewage ; for Croydon 
sewage from 5 to 15 grains were necessary. Qne gallon of liquid perchloride 
was sufficient for 15,000 gallons of sewage (Hofmann and Frankland), 

The perchlorides of iron can be manufactured by dissolving in hydrochloric 
acid peroxide of iron, the different iron ores, refuse oxide of iron from sulphuric 
acid works, iron rust in foundries, &c. Another plan is to take equivalent 
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proportions of common salt, sulphuric acid, iron rust, and water, so that 
chlorine, when disengaged, shall combine with the iron. A hard, yellowish, 
not very deliquescent substance, containing 26 per cent. of perchloride of iron, 
ia formed, which can be transported to any distance. The price, if made in 
this way, is £2, 7s. per ton (cost of labour not included) im England. 

‘The ride acte both on sulphuretted hydrogen and on sulphides, in 
both cases setting free sulphur. In sewage its ordinary action is on sulphide 

of ammonium. 

Objections have been made to the perchloride, as it contains arsenic ; but 
the amount of this is small, and as it falls with the deposit it is never likely 
to be dangerous. 

8. Lueder and Leidloff's powder consists (according to Leuchtenberg’s 
analysis) of ferric sulphate, 36 per cent. ; ferrous sulphate, 16 ; free sulphuric 
acid, 4; calcium sulphate and other substances, 44. It has been highly com- 
mended, but, from experiments made at Netley, it does not seem very powerful. 

9. Lead Nitrate, or Ledoyen's Fluid, is made by dissolving 1 tb of litharge 
‘in about 7 ounces of strong nitric acid and 2 gallons of water ; a little of the 
water is mixed with the litharge; the acid is gradually added, and then the 
rest of the water. This quantity will deodorise a moderate-sized cesspool. It 
acts rapidly on sulphuretted hydrogen, and can be depended upon for this 

urpose. 

10. Zine Chloride.—Burnett’s fluid contains 25 grains to every fluid 
drachm ; 1 pint is added to a gallon of water (1 to 8). It is usually arid to 
decompose sulphuretted hydrogen until the solution becomes acid, when its 
action ceases ; but Hofmann finds that it does not act on free sulphuretted 
hydrogen, but on ammonium sulphide, forming zinc sulphide and ammonium 
chloride. It destroys ammoniacal compounds and organic matter. The sul- 
phates of zinc and copper decompose free sulphuretted hydrogen, with forma- 
tion of metallic sulphide and water. 

Burnett's fluid delays decomposition in sewage for some time, and prevents 
the acidity of urine ; but a very peculiar odour is given out, showing that 
some change is going on. A good effect is produced on sulphuretted hydrogen 
by a mixture of zinc and ferrous sulphates (Larnaudés’ mixture) which also 
lessens for the time the peculiar sewage sme. 

11. Zine Sulphate,—This forms part of the Universal Disinfecting Powder* 
(Langston-Jones’ patent), along with Cooper's salts, viz, calcium and sodium 
chloride. This powder has the advantage of being inodorous, but it is not a 
strong deodorant. It, however, gets rid of fecal odour to some extent, and is 
efficacious against HS. 

| 12. Potassium permanganate prevents putrefaction for a short time, and 
removes the odour from putrefying sewage, but it requires to be used in 
quantity. It has been proposed to use it and ferrous sulphate, first to oxidise 
and then to restrain alkalinity ; the way of doing thie is to add the permangan- 
ate to the sewage first, and let it oxidise as far as it can, and then to add the 
ferrous sulphate, 90 as to remove the chance of action on the permanganate by 
the sulphate. But this plan has not succeeded in my hands. Although the 
large quantity of the permanganate which must be used makes it a bad sewage 
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deodorant, it has certainly a considerable action on fermenting liquids ; and 
it might be useful to try ite effect with cholera dejections, either alone, or, as 
Kiihne recommends, with ferric sulphate, which will not be acted on by the 
Sg a like the green vitrioL It has alao been recommended to mix it 
with chloride of soda solution. 

13. Peparations from coal-tar ; carbolic acid (phenol or phenic acid, 
or phenyl-alcohol (C,H,O) ); coal-tar creasote, and cresylic acid (cresol or 
cresyl-alcohol, ( O) ), in various admixtures.* These substances are all 
excellent sewage deodorants and arresters of putrefaction. 

The last few years have seen an extraordinary development in the manu- 
facture of these substances. Phenol or carbolic acid isnow obtained in great 
purity, and is sold in crystals, and also in a liquid form. All the preparations 
cent conveniently classed under the three divisions of crystals, liquids, and 
powders. 

(a) Crystals.—Carbolic acid, more or less pure, is the only substance under 
this head; it is so slightly soluble in water that it is not so useful 
as a deodorant as the impurer kind. Carbolic acid is slightly soluble in water 
in the proportion of about.5 per cent. When mixed with sewage it acts 
slowly and not so perfectly as the impurer kinds. When exposed to the air 
it liquefies, and is slowly given out into the air, and is then supposed to be 
useful as an air purifier. 

(b) Ligutds.—Carbolic acid, more or less impure, dissolved in water, simply, 
or with a little alcohol and cresylic acid (eresol), forma the liquid carbolic 
acids. In the market they are found almost colourless, or highly coloured. 
The various liquids contain from 10 to 90 per cent. of phenol, Cresol, though 
crystalline and colourless when pure, is usually found in the market as a dark 
liquid. Some of it, no doubt, exists in most samples of carbolic acid. Owing 
probably to the way they mix at once with the sewage, the liquid acids are 
more deodorant than the crystallised acid, and restrain putrefaction for a long 
time. Carbolic acid, however, does not act on sulphuretted hydrogen, though 
it will restrain the processes which produce it. 

Samples of so-called carbolic acid are sold, which are only impure tar-cils, 
and almost destitute of deodorising power. Sometimes a nauseous sulphur 
compound is also present. 

Mr Crookest gives the following rules in order to determine the presence ot 
the tar oils -— , 

“Commercial carbolic acid is soluble in from 20 to 70 parte of water, orin 
twice ita bulk of a solution of caustic soda, while oil of tar is nearly insoluble, 
but if the amount of carbolic acid be increased, some remains undissolved. 

“ To apply the testea—1. Put a teaspoonful of the carbolic acid in a bottle, 
pour on it halfa pint of warm water, and shake the bottle at intervals for half 
an hour, when the amount of oily residue will show the impurity ; or dissolve 
one part of caustic soda in 10 parte of warm water, and shake it up with 5 
ie of the carbolic acid. As before, the residue will show the amount of 


Ei These tests will show whether tar oils have been used as adultorante, but 
to ascertain whether the liquid consists of a mere solution of carbolic acid in 
water or alkali, or whether it contains sulpho-carbolic or sulpho-cresylic acids, 





® It is perhaps unfortunate _ gece’ ad ag Dai nl pa pes ac peaey p 
hould have heen termed carbol cresylic acids, terms phenol and cresol 
ponendippore sr aptecindetory teal cared Bat I ve thought it betier sot to abandon at present 
terms use. 

7 hind Report Case Pings Contain Carhboite acid can be distinguished from creosct 
by its in glycerine )- 
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another test must be used based.on the solubility of these, and the insolubility 

of carbolic acid in a small quantity of water. In this case proceed as follows :— 
2. Put a wine-glaseful of the liquid to be tested in a bottle, and pour on it 
half » pint of warm water. If the greater part dissolves, it is an adulterated 
article. Test the liquid in the bottle with litmus paper; if strongly acid, ft 
will show the probable presence of sulpho-acids ; whilst if alkaline, it will show 
that caustic soda has been probably used as a solvent.” 

If the quantity of carbolic acid has to be estimated from a liquid, it must 
be distilled at a given temperature. Carbolic acid boils at 184° C. (= 363° 
Fabr.), cresol at 203° C. (= 397°-4 Fahr.) 

In using the liquid acid, 1 part is mixed with 50 or 100 of water, accord- 
ing to the strength of the acid, and thrown down drains or into ceaspools, or 
eprinkled with a watering-can over dung-heaps. 

(c) Powders.—-The two principal carbolic acid powders are M‘Dougall’s and 
Calvert's, but there are several others in the market known under various 
names. 

M‘Dougall’s and Calvert's powders are widely different in composition. 

The former is strongly alkaline from lime, and makes the sewage alkaline. 
It consists of about 33 per cent. of carbolate of lime and 59 per cent. of 
sulphite of magnesia, the reat being water. 

Calvert’s powder is carbolic acid, about 20 to 30 per cent., mixed with 
alumina from alum works, and some silica. 

The quantity of these preparations which must be used depends on the 

and duration of deodorisation wished for. For the daily solid excreta 
(4 ounces) of an adult at least from 30 tv 70 grains of the crystallised acid, 
60 drops of the strong liquid (90 per cent. of acid), or 4 ounce of the dilute 
carbolic acid, sold at le. per pint, are necessary, if the sewage is to be kept in 
en unaltered atate for 10 to 20 days, but a smaller amount is sufficient for 2 
or 3 days.* Dr Sansom, who does not rate the effect of carbolic acid so 
highly as a deodorant, also finds that much larger quantities must be used 
than is usually stated (op. cit. p. 203). Half an ounce of either Calvert’s or 
M'‘Dougall’s powder for 4 ounces of sewage has a preservative effect for 18 to 
20 days ; 4 ounce or Jess is effectual for 3 or 4 days, but if the stools contain 
urine much more is necessary. t 

Smaller quantities can, however, be used, if diminution, but not entire 
removal of smell and putrefaction is desired. Quicklime 5 parts, and carbolie 
acid 1 part, make a good deodorising fluid. If hydrochloric acid is added, 
and then water, the lime is deposited, and the carbolic acid floate on the 
surface, and its amount can he determined. 

14, The Stivern Deodorant.—The water flowing from sugar factories has 
Jong been 8 soures of annoyance’ and ill-health; it contains quantities of 
vegetable organisms (Oscillaria alba or Beggiatoa), which act like ferments, 
and rapidly decompose the sulphates in the water, and liberate sulphuretted 
h Herr Siivern, to remedy this, proposed a preparation of coal-tar 
thus prepared.{ A bushel and a half of good quicklime are put in a cask and 
‘elaked ; it is well stirred, and 10 % of coal-tar are thoroughly mixed with it, 
a0 that the coal-tar may be thoroughly divided. Ffteen pounds of magnesium 


* Gee in the Army Medical Department Report, vol, viii. p. 318. 
at Dr Joka Day (of Gealong) publishe! « paper in the Ausirakan Medidat Journal (June 
1874), on the comparative value as disinfectants of carbolic acid and mineral ‘oils, such as 
and kerosene. moh cna tarp wap tr gle gpiontven fede Phil 47 gripe ay 
and flooring. It must be used with caution near lights, as it is very in- 
attribu ite strong oxidising ; paper brushed 
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chloride dissolved in hot water are then thoroughly mixed with the mass, and 
then additional hot water is added, sufficient to make a mass of just sufficient 
liquidity to drop slowly from a stick inserted in it and then pulled out. The 
magnesium chloride forms deliquescent calcium chloride, magnesia being 
liberated, and it is found that this prevents the caking of the deodorant and 
the adherence to pipes, This deodorant has come into considerable use for 
cesspools, drains, &c. The MiillerSchurr deodoriser has been already 
noticed. 

15. Dr F. T. Bond (of Gloucester) has introduced a new deodorant in the 
form of powder and liquid, consisting essentially of metallic salts, alum, and 
terebene (a hydrocarbon derived from turpentine by treatment with sulphuric 
acid.) . Terebene hase pleasant odour, and so far is superior to carbolic acid : 
its deodorising powers are very considerable. The preparations in the form 
of powder are various, the chief being Ferralum and Cupralum, the latter 
being most frequently employed. It consists of copper sulphate, alum, a little 
potassium bichromate, and terebene, It is a very powerful deodorant, coun- 
teracting ammonia and sulphuretted hydrogen, and at least masking fecal 
odour as much as carbolic acid.* 

16. The remarkable power shown by Sulicylic acid in arresting fermenta- 
tion, and its value in the antisuptic treatment of wounds, would seem to 
indicate it as a good agent, but it is at present too expensive for use on a 
large scale. 

General Cunclusion.—It must be remembered that deodorisation is only 
possible within certain limits, aud that in a number of cases only partial 
results can be obtained, unless very larye quantities of the deodorant ara 
used.t The most effectual appear to be the terebene preparations, sapecially 
the cupralum, and carbolic acid and its preparations, Of these the cupralum 
has the advantage of destroying sulphuretted hydrogen and neutralisin 
ammonia, which are only masked by the others. Chloride of lime ai 
chloride of soda are also powerful, but have themselves a sickly odour, very 
disagreeable to many persons. The Siivern deodorant is probably the next 
best, and after that the ferric chloride (FeCl, or feCl). 


* The substance advertised as ‘ Sanitas,” is a hydrocarbon derived from the resin of the 
Eucalyptus Globulus (Blue Gum Tree), aoe 

+ In experimenting with the very offensive infusion of linseed, it was found almost impos. 
sible to get rid of odour without using very large quantities of the deodorants. [F. de C.] 


CHAPTER XI. 
WARMING OF HOUSES. 


Tae heat of the human body can be preserved in two ways :— 

1. The heat generated in the body, which is continually radiating and being 
carried away by moving air, can be retained and economised by clothes. If 
the food be sufficient, and the skin can thus be kept warm, there is no doubt 
that the body can develop and retain its vigour with little external warmth. 
In fact, provided the degree of external cold be not too great (when, however, 
it may act in part by rendering the procuring of food difficult and precarious), 
it would seem that cold does not imply deficiency of bodily health, for some 
of the most vigorous races inhabit the cold countries. In temperate climates 
there is also a general impression (and such general impressions are often right) 
that for healthy adults external cold is invigorating, provided food be sufficient, 
and if the internal warmth of the body is retained by clothing. 

2. External heat can be applied to the body cither by the heat of the sun 
(the great fountain of all physical force, and vivifier of life), or by artificial 
means, and in all cold countries artificial warming of habitations is used. 

The points to determine in respect of habitations are— 

let, What degree of artificial warmth should be given ? 

2d, What are the different kinds of warmth, and how are they to be given ? 


SECTION I. 
DEGREE OF WARMTH. 


For Healthy Persons.—There appears no doubt that both infants and old 
persons require much artificial warmth, in addition even to abundant clothes 
and food. The lowering of the external temperature, especially when rapid, 
acta very depressingly on the very young and old; and when we remember 
the extraordinary vivifying effect of warmth, we cannot be surprised at this. 

For adult men of the soldier's age, who are properly fed and clothed, it is 
probable that the degree of temperature of the house is not very material, and 
that it is chiefly to be regulated by what is comfortable. Any temperature 
over 48° up to 60° is felt as comfortable, though this is dependent in part on 
the temperature of the external air. It seems certain that for healthy, well- 
clothed, and well-fed men we need not give ourselves any great concern about 
the precise degree of warmth. 

For children and aged persons we are not, I believe, prepared to fix any 
exact temperature; for new-born children a temperature of 65° to 70°, or 
even ee may be necessary, and old people: bear with benefit a still higher 
warm j 

For Sick Persons.—The degree of temperature for sick persons is a matter 


Re gular, however, that in some old people the temperature of the body is 
al ( . Is difierence in the amount of 
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of great importance, which requires more investigation than it has received, 
There seems a sort of general rule that the air of a sick-room or hospital 
should be about 60° Fahr. and in most Continental hospitals, warmed 
artificially, this is the contract temperature ; but the propriety of this may be 
questioned.* 

There are many diseases greatly benefited by a low temperature, especially 
all those with preternatural heat. It applies, I believe, almost without 
exception (scarlet fever 1) to the febrile cases in the acute stage, that it is 
desirable to have the temperature of the air as low as 50°, or evan 45° or 40°. 
Cold air moving over the body is a cooling agent of great power, second only, 
if second, to cold affusion, nor is there danger of bad results if the movement 
is not too great. The Austrian experiments on tent hospitals + show 
conclusively that even considerable cold is well borne. Even in the acute lung 
affections this is the casa, Pneumonia cases do best in cold wards, provided 
there is no great current of air over them. Many cases of phthisis cool 
air, and even transitions of temperature, well, provided there be no great move- 
ment of air. On the other hand, it has appeared to me that chronic heart 
diseases with lung congestion, emphysema of the lungs, and diseases of the 
same class, require a warm air, and perhaps a moist one. With respect to 
the inflammatory affections of the throat, larynx, and trachea, I have no 
decided evidence of my own, and have been able -to find nothing decisive in 
authors on this point; but the spasmodic affections of both larynx and 
bronchial tubes seem benefited by warmth. 

In the convalescence, also, from acute disease, cold is very badly borne ; no 
doubt, the body, after the previous rapid metamorphosis, is in a state very 
susceptible to cold, and, like the body of the infant, resists external influences 
badly. Convalescents from fever must therefore be always kept warm. This 
is probably the reason why it is found inadvisable to transfer febrile patients 
treated in a permanent hospital to convalescent tenta, although patients 
treated from the first in tenta have a good convalescence in them, as if there 
were something in habit. 


SECTION IL 


DIFFERENT KINDS OF WARMTH. 


Heat is communicated by radiation, conduction, and convection. The latter 
term is applied to the conveyance from one place to another of heat by means 
of masses of air, while conduction is the passage of heat from one particle to 
another—a very slow process. Practically, conduction and convection may 
be both considered under the head of convection. 

Radiant heat has been considered by most writers the best means of warm- 
ing ; it heats the body without heating the air,} and of course there is no 
possibility of impurity being added to the air. 

* It is owing to this fale that in French hospitals, artificially ventilated and warmed by hot 
air, ee ea aa | re ie Loe a in order Seer 





go down, rather than diminish the change of alr. In casea it can be 
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“The disadvantages of radiant heat are its cost, and its feebleness at any die- 
tances, The cost can be lessened by an ir ia but the loss of heat 
py distance is irremediable. The effect ns as the square of the distance 
4.8, if, at 1 foot distance from the fire, the warming effect is said to be 
‘equal to 1, at 4 feet distance it will be sixteen times leas. A long room, 
therefore, can never be warmed properly by radiation. 

It bas been attempted to calculate the amount of air warmed by a certain 
‘pace of incandescent fire, and ] square inch has been supposed sufficient to 
‘warm 8:4 cubic feet of air. But much depends on the walle, and whether 
the rays fall on them and warm them, and the air passing over them. 

Radiating grates should be so disposed as that every ray is throw out into 
the room. The rules indicated by Desaguliers were applied by Rumford. 
‘Count Rumford made the width of the back of the grate one-third the width 
of the hearth receas; the sides then sloped out to the front of the recess ; the 
depth of the grate from before backwards was made equal to the width of the 
back. The sides and back were to be made of non-conducting material; the 
chimney throat was contracted so as to lessen the draught, and insure more 
complete combustion. The grate was brought as far forward as possible, but 
stil] under the throat. . 

The open chimney, which is a necessity of the use of radiant grates, is so 
a an advantage that this is per sc a strong argument for the use of this 

ind of warming, but, in addition, there can be little doubt that radiant heat 
is really the healthiest. 

Still the immense loss of heat in our common English fire-places must lead 
to a modification, and radiant heat must be supplemented by 


Convection and Conduction. 


The air is heated in this case by passing over hot stones, earthenware, iron 
or copper plates, hot water, steam, or gas pipes. The air in the room is thus 
heated, or the air taken from outside is warmod, and is then allowed to pass 
into the room, if possible at or near the floor, so that it may properly mingle 
with the air already there. The heat of the warming surface should not be 
great, probably not more than 120° to 140° Fahr.; there should be a large 
surface feebly heated. The air also should not be heated above 75° or 80° 
Fahr., and a large body of air gently heated should be preferred to a smaller 
body heated to a greater extent, as more likely to mix thoroughly with the 
air of the room. 

It does not matter what the kind of surface may be, provided it is not too 
hot. If it is, the air acquires a peculiar smell, and is said to be burnt; this 
has been conjectured to be from the charring of the organic matter. Some 
have supposed the smell to be caused by the effect of the hot air on the 
mucous membrane of the nose, but it is not perceived in air heated by the 
sun, Such air is also relatively very dry, and absorbs water eagerly from all 
substances which can yield it. 

If the air is lees heated (not more than 75°) it has no amell, and the relative 
humidity ia mot lessened to an appreciable extent. Haller’s experimenta, 

' oarried on over six years with the Meissner stove common in Germany, show 
that there the relative moisture is not lessened with moderate warming,* and 
I have found the same result with the Galton stoves. On the other hand, 
when the are too hot, the air may be really too much dried, and Dr 

i me that while he never found the difference between the dry 
and ‘wet bulbe in a room warmed by radiant heat to be more than 8° Fabr., 


softener cra atair ie cei ei attache EDS PL EE AeA NSE a TRAE RITES 
__* Dis whd Mrwitrmung der Kinderetube und det Exankensimmere, von D. C. Halien 
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lie has noticed in roome warmed by hot air a difference of 18° to 17° Fahr, 
which implies a relative humidity, if the temperature be da of only 34 ga 
cent. of saturation, which is much too dry for health. In this case the ait 
always unpleasant, and must be moistened by passing over water before it 
enters the room, if possible; some heat is thus. lost, but not much. Of the 
various means of heating, water is the best, aa it is more under control, and 
the heat can be carried everywhere. Steam is equally good, if waste steam 
can be utilised, but if not, it is more expensive. Hot-water pipes are 
of two kinds: pipes in which the water is not heated above 200° Fahr., and 
which, therefore, are not subjected to great pressure; and pipes in which the 
water is heated to 300° or 350° Fabr., and which are therefore subjected to 
great pressure. These pipes (Perkin’s patent) are of small internal calibre 
aes 4 inch), with thick walls made of two pieces of welded iron ; the ends 
of the pipes are joined by an ingeniously contrived screw. In the low-pressure 
pipes there is a boiler from which the water circulates through the pipes and 
returns again, outlets being provided at the highest pointe for the exit of the 
air. In Perkin’s system there is no boiler; one portion of the tube passes 
through the fire. 

Mr Hood states that 5 feet of a 4-inch pipe will warm 1000 cubic feet in 
a public room to 55°. In dwelling-houses for every 1000 cubic feet 12 feet 
of 4-inch pipe should be given, and will warm to 65°. In shopa, 10 feet, 
and in workrooms 6 feet, per 1000 cubic feet are sufficient. If Perkins’ 
pipes are used, as the heating power is greater, a less amount does, probably 
about two-thirds, or a little more. 

Steam piping is now aleo much used, and in some cases is more convenient 
even than water. The Houses of Parliament are warmed by steam pipes in 
a chamber under the floor; the radiating surface of the pipes is increased by 
soldering on to them at intervals a number of zine or (preferably) aiaall 
copper plates. If it is wished to lessen the amount of heat, the pipes, where 
provided with thin plates, are simply covered with a woollen cloth. 

The easy storing up and conveyance of heat to any part of the room or 
house by means of water pipes, the moderate temperature, and the facility of 
admission of external air at any point by passing the fresh air over coila, or 
-water leaves, make it certain that the plan of warming by hot water will be 
greatly used in time to come, although the open fire-place may be retained for 
comfort. 

Mr George has devised a gas stove (called the Calorigen), which appears to 
be a decided improvement on the common gas stove. Gas ia burnt in a 
small iron box, and the producte of combustion are carried to the open air by 
a tube. Another coiled tube runs up through the box ; this communicates 
below with the outer air, and above — into the rooms, As the fresh air 
passes through this tube it is warmed by the heat of the gas stove. Mr Eaasie 
speaks very well of this stove, which he has put up in several placea’ He 
aays he has known one to be persistently capable of registering fifteen degrees 
above the external temperature during a very severe winter, and that, too, in 
a room of over 1700 cubic feet, with the roof and three sides constructed of 

glaas.* . Se 

A plan which was pro 130 years ago by Desaguliers is now coming 
into general use, vis., to have an air chamber round the back pe sides of a 
radiating grate, and to pass the external sir through it into the room. Thus 
a great economy of heat, and a considerable quantity of gently-warmed air, 
passes into the room. Th Captain Galton’s grate, and in ta this olen paspoecd by 


A © Sanitary Arrangements foe Dueltings, 1874, p. 140, 
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Mr Chadwick for cottages, the lower part of the chimney is also made use of. 
The advantages of theee grates are that they combine a good amount of cheer- 
ful open fire, radiant heat, and chimney ventilation, with supplementary warm- 
ing ‘by hot air, so that more value is obtained from the fuel, and larger spaces 
can be more effectually warmed. A great number of patents have been taken 
out for grates of this Lind. The air-chamber should not be too small, or the 
air is unduly heated ; the heated surface should be very large ; fire-clay some- 
times gives a peculiar odour to the air, which iron does not do if the surface 
of iron be very large and disposed in gills ; a combination also of iron and fire- 
clay is said to be good, and to give no odour. The conduit leading to the air- 
chamber should be short, and both it and the chamber should be able to be 
ed and cleaned, as much dust getain. The room opening of the air- 
banibne should be so far up that the hot air may not be at once breathed, 
and there should be no chance of its being at once drawngip the chimney. 
The action of all stoves of the kind is liable to considerable variation from the 
action of the wind ; and sometimes the current is even reversed, and hot air is 
driven out. 

Attention has been lately directed both in France and America to the fact 
of the comparative ease with which gases pass through red hot cast-iron. Mr 
Graham has shown that iron heated to redness will absorb 4°15 times ite 
volume of carbonic oxide, and the experiments by MM. Deville and Troost, 
made at the request of General Morin, prove that in a cast-iron stove heated 
with common coal there passed through the metal in 92 hours 589 C.C. of car- 
bonic oxide,* or from ‘0141 to -132 per cent. of the air which was slowly 
passed over the hot surface. In America, Dr Derbyt has directed particular 
attention to this point, and has adduced very strong reasons for believing that 
the decidedly injtirious effects produced by some of the plans of warming 
houses, especially by ‘air passing over a cast-iron furnace heated with anthracite, 
is due to an admixture‘of carbonic oxide. Professor Coulier of the Val de 
Gr&ce,} has contended that the amount of carbonic oxide passing through in 
the experiments of Deyille and Troost is really so emall, that if mixed with 
the sir of a room which is fairly ventilated, it would be quite innocuous ; and 
he believes (from direct experiment) that the headache and oppressive feeling 
produced by these iron stoves are really owing, as was formerly believed, to 
the relative dryness of the air. But evidence is adverse to this now. The 
gas with much greater difficulty through wrought-iron, or through stoves 

ined with fire-clay.§ 

A great number of grates and stoves have been proposed, which it is 
impossible here to notice. In Germany many excellent stoves are now used, 
which not only economise fuel, but warm the outside air, which is admitted 
round or under them.|| The medical officer's advice will be sought, first, as 
to the kind ; and second, as to the amount of heat. He will find no difficulty 
in coming to the conclusion that in most cases both methods (radiation and 
convection) should be employed ; the air warmed by plates or coils of water 
pipes being taken fresh from the external air and thereby gonducing to venti- 

on. He will be also called on to state the relative amount of rediant and 
convected heat, and to determine the heat of the plates, and of the air coming 

-” Comptes Rendus de PAcad. Jan. } periments wndertaken : 

anquence ote by Dr Carret, that in the department of Haute‘Sevole an epidemic 
which affected persons only in the houses where iron stoves were, ee 

+ Ean OB Belt, by & by, M.D., Professor of Hygiene in Harvard University. 

ting of silicate as a preventive against the passage of 
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off them, and the degree of humidity of the air. The thermometer, and the 
dry and wet bulbs, will give him all the information he wants on these 
pointe. 





® Ms Chadwick has lately called attention to the old Roman plan of the Hypocaust, where 
the floor of the room is warmed by pipes, or by ing smoke-fives under it, and he has con- 
trived some ingenious plans to carry out the ides, re can be no doubt of the preat comfort 
of this plan, although it appeara to be expensive, Attention has been called, of late years, to 
heating on the whole house system, and there can be no doubt that this is an excellent plan, if 
perly catried out and carefully ee Drs D and Hayward in this country 
Health and Comfort in House Building, London, 1872), and Dr Griscom of New York, 
ve devised sneer one plans for the purpose. In older countries, such as Russia, the plan is 
in general rp ut apparently with little or no regard to proper supply of fresh air, or carrying 
away of foul air. 


CHAPTER XII. 
EXERCISE. 


A verrecr state of health implies that every organ has its due share of exer- 
cise. If this is deficient, nutrition suffers, the organ lessens in size, and even- 
tually more or less degenerates. If it be excessive, nutrition, at first 
apparently vigorous, becomes at last abnormal, and, in many cases, a degenera- 
tion occurs which is as complete as that which follows the disuse of an organ. 
Every organ has its special stimulus which excites its action, and if this 
stimulus is perfectly normal as to quality and quantity, perfect health is 
necessarily the result. 

But the term exercise is usually employed in a narrower sense, and ex- 
prorses merely the action of the voluntary muscles. . This action, though not 
absolutely essential to the exercise of other organs, is yet highly important, 
and indecd, in the long run, is really necessary ; the heart especially 
is evidently affected by the action of the voluntary muscles, and this may be 
said of all organs, with the exception perhaps of the brain. Not only the cir- 
culation of the blood, but its formation and its destruction, are profoundly in- 
fluenced by the movement of the voluntary muscles, Without this muscular 
movement health must inevitably be lost, and it becomes therefore important 
: eas the effects of exercise, and the amount which should 

tuken, 


SECTION 1 
THE EFFECTS OF EXERCISE. 


(a) On the Lungs—Elimination of Carbon.—The most important effect of 
muscular exercise is produced on the lungs. The pulmonary circulation is 
greatly hurried, and the quantity of air inspired, and of carbonic acid expired, 
is marvellously increased. Dr Edward Smith has carefully investigated the 
first point, and the following table shows his main results. Taking the lying 
position as unity, the quantity of air inspired was found to be as follows :-— 


‘Lying position, . . 1 Walking and carrying 63 bb, 3°84 
Sitting, . .. 118 es » 118 b, 4:75 
Standing .  . 1:33 »  4miles perhour, 5 
Singing, ye. he 1:26 m ie 7 
Waiking 1 mile per hour, 1:9 Riding and trotting, . 4:05 
” 2 39 2°76 Swimming, . , . 4°33 
39 3 3°33 Treadmill, e 5°5 


» and carrying 34 fh, 3-5 
The great increase of aif inspired is more clearly seen when it is put in 
this way : under ordinary circumstances a man draws in 480 cubic inches 
reinite; if he walka four miles an hour he draws in (480 x 5 =) 2400 cubic 
inches ; if 6 miles an hour (480 x 7 =) $260 cubic inches. Simultaneously, 
the amount af carbonic acid in the expired air is increased (Scharling and 
many others). 
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The most reliable observations in this direction are those made by E. Smith, 
Hirn,* Speck,} and Pettenkofer and Voit.{ As there is no doubt that the 
peculiar means of investigation render the experiments of the last-named 
authors as accurate as possible in the present state-of science, I give them 
briefly in the following tabie.§ 

Absorption and Elimination in Rest and Exercise. 


Elimination tn Grammes of— 


Tatiana 


















sare Water. Ures. 

Rest-day, . . . . 911°5 828°0 87°2 
Work-day, . : : ; ‘ 1284'2 2042°1 57 
Excess on work-day (with exception } , i. ; "j : 

ee s7a7_ | wiser | -0-2 





Sennen sidan 


In other words, during the work-day, 3804 grains or 8:69 ounces of oxygen 
were absorbed in excess of the reat-day, and 5750 grains or 13 ounces in 
excess of carbonic acid were evolved. Expressing this as carbon, an excess of 
1568 grains or 3°58 ounces were eliminated in the work-day. There was an 
excess of oxidation of carbon equal to 34°6 per cent., and it must be 
remembered that the so-called “work-day” included a period of rest; tho 
work was done only during working hours, and was not excessive. 

It will be observed from these experiments that a large amount of water 
was eliminated during exercise, while the urea was slightly lessened. 

It seems certain that the great formation of carbonic acid takes place in 
the muscles ;|| it is rapidly carried off from them, and if it is not so, it would 
seem highly probable that their strong action becomes impossible. At any 
rate, if the pulmonary circulation and the elimination of carbonic acid are in 
any way impeded, the power of continuing the exertion rapidly lessens, The 
watery vapour exhaled from the lungs is also largely increased during 
exertion. 

Muscular exercise is then clearly necessary for a sufficient elimination of 
carbon from the body, and it is plain that, in a state of prolonged rest, either 
the carboniferous food must be lessened or carbon will accumulate. 

Excessive and badly arranged exertion may lead to conjestion of the lungs 
and even hemoptysis. Deficient exercise, on the other hand, is one of the 
causes which produce those nutritional alterations in the lung which we class 
as tuberculous. 

Certain rules flow from these facts. During exercise the action of the 
langs must be perfectly free ; not the least impediment must be offered to the 
freest: play of the chest and the action of the respiratory muscles. The dresa 
and accoutrements of the soldier should be planned in reference to this fact, 
as there is no man who is called on to make, at certain times, greater 
exertion. And yet, till a very recent date, the modern armies of Europe were 








* Ladwig’s Phys. 2d edit. band |. p. 748. 
+ Archiv des Vereins fiir wiss, Heilk. band vi. pp, 265 and 280. 
The numbers gives Uy Hin and Speck are very acuendant; they will be loud quoted in, 
num are , 
the 24 edition of this w if it is wished to refer to them. : ia 
Bee the dheervations of Valentin and others, and 7 the ¢ gr 7 lag vce 


excess of the O to , that it was con- 
that carbonic acid must have been formed during contraction from substances sich ta 
wach as formic acid), or that oxygen must have been obtained otherwise than from 
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dressed and accoutred in a fashion which took from the soldier, in a great 
degree, that power of exertion for which, and for which alone, he is selected 
and trained. _ 

' The action of the lungs should be watched when men are being trained for 
exertion ; as eoon as the respirations become laborious, and especially if there 
be sighing, the lungs are becoming too congested, and rest is necessary. 

A second point ia, that the great increase of carbon excreted demands an 
increase of carbon to be given in the food. There seems a general accordance, 
among physiologists, that this is best given in the form of fat, and not of 
starch, and this is confirmed by the instinctive appetite of a man taking 
exertion, and not restrained in the choice of food. 

A third rule is, that as spirits lessen the excretion of pulmonary carbonic 
acid, they are hurtful during exercise; and it is perhaps for this reason, as 
well as from their deadening action on the nerves of volition, that those who 
take spirits are incapable of great exertion. This is now well understood by 
trainers, who allow no spirits, and but little wine or beer. It is a curious 
fact, stated by Artmann, that if men undergoing exertion take spirits, they 
take less fat. Possibly in reality they lessen the amount of exertion, and 
therefore require less fat. Water alone is the best fluid to train on. 

A fourth rule is, that as the excretion of carbonic acid (and perhaps of 
pulmonary organic matter) is so much increased, a much larger amount of 
pure air is neceasary ; and in every covered building (as gymnasia, riding- 
achools, &c.) where exercise is taken, the ventilation must be carried to the 
greatest poasible extent, so soon does the air become vitiated. 

(0) On the Heart and Vessels.—The action of the heart rapidly increases 
in force and frequency, and the flow of blood through all parte of the body, 
including the heart itself, is augmented. The amount of increase is usually 
from ten to thirty beats, but occasionally much more. After exercise, the 
heart’s action falls below its normal,amount; and if the exercise has been 
exceedingly prolonged and severe, may fall as low as fifty or forty per minute, 
and become intermittent. During exertion, when the heart is not oppressed, 
ita beats, though rapid and forcible, are regular and equable; but when it 
becomes aibanaaaod. the pulse becomes very quick, small, and then unequal, 
and even at last irregular. When men have gone through a good deal of 
exertion, and then are called upon to make a sudden effort, I have known the 

ulse become very small and quick (160-170), but still retain its equability. 
ere seems no harm in this, but such exertion cannot be long continued. 

The ascension of heights greatly tries a fatigued heart. The accommodation 
of the heart to great exertion is probably connected with the easy flow of 
blood through its own structure. 

Excessive exercise leads to affection of the heart ; rupture (in some few 
cases), palpitation, hypertrophy in a good many cases, and more rarely valvular 
disease. These may be avoided by careful training, and a due proportion of 
rest. Injuries to vessels may also result from too sudden or prolonged exer- 
tion. The sphygmographic observations of Dr Fraser* on the pulses of men 
after rowing, show how much the pressure is increased. 

Deficient exercise leads to weakening of the heart's action, and probably to 
dilatation and fatty degeneration. 

In commencing an unaccustomed exercise, the heart must be closely 
watched ; excessive rapidity (120-140), inequality, and then irregularity, will 
point out that rest, and then more gradual exercise, is necessary, in order that 
the heart may be accustomed to the work. 





* Journal of Physiology, Nov. 1968. 
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| () On the Skin.—The skin becomes red from turgescence of the vessels, 
and perspiration is increased ; water, chloride of sodium, and acids (probably 
in part fatty), pass off in great abundance. It was formerly supposed that 
urea also off in this way, but this is not the case. No gaseous nitrogen 
is given off in healthy men from the skin. 

The amount of fluid passing off is not certain, but is very great. Speck’s 
experiments show that it is at least doubled under ordinary conditions. 
Pettenkofer and Voit’s experiments show even a larger increase. The usual 
ratio of the urine to the lung and skin excreta is reversed. Instead of being 
1 to 0°5 or 0°8, it becomes | to 1:7 or 2, or even 2°5. This evaporation re- 
duces and regulates the heat of the body, which would otherwise soon become 
exceasive ; 80 that, as long ago pointed out by Dr John Davy, the body tem- 
perature rises little above the ordinary temperature. No amount of external 
cold seems to be able to hinder the passage of fluid, though it may partly 
check the rapidity of evaporation. If anything check evaporation, the body- 
heat increases, and soon languor comes on and exertion becomes difficult. 

During exertion there is little danger of chill under almost any circum- 
stances ; but when exertion is over, there is then great danger, because the 
heat of the body rapidly declines, and falls below the natural amount, and yet 
evaporation from the skin, which still more reduces the heat, continues. 

The rules to be drawn from these facts are—that the skin should be kept 
extremely clean ; during the period of exertion it may be thinly clothed, but 
immediately afterwards, or in the intervals of exertion, it should be covered 
sufficiently well to prevent the least feeling of coolness of the surface. 
Flannel is beat for this purpose. 

(d) On the Voluntary Muscles.—The muscles grow, become harder, and 
respond more readily to volition. Their growth, however, has a limit ; and 
a single muscle, or group of muscles, if exercised to too great an extent, will, 
after growing to a great size, commence to waste. But this seems not to be 
the case when all the muscles of the body are oxercised, probably because no 
muscle can then be over-exercised. It seems to be a fact, however, that pro- 
longed exertion, without sufficient rest, damages to a certain extent the nutri. 
tion of the muscles, and they become soft. 

The rules to be drawn from these facts are, that all muscles, and not single 
groupe, should be brought into play, and that periods of exercise must 
alternated, especially in early training, with long intervals of rest. 

(e) On the Nervous System.—The effect of exercise on the mind is not clear. 
It has been supposed that intellect is less active in men who take excessive 
exercise, owing to the greater expenditure of nervous force in that direction. 
But there is no doubt that great bodily is quite consistent with extreme mental 
activity ; and, indeed, considering that perfect nutrition is not possible except 
with bodily activity, we should infer that sufficient exercise would be necessary 
for the perfect performance of mental work. Doubtless, exercise may be 
pushed to such an extreme as to leave no time for mental cultivation; and 
this is perhaps the explanation of the proverbial stupidity of the athlete. 
Deficient exercise causes a heightened sensitiveness of the nervous system, a 
sort of morbid excitability, and a greater susceptibility to the action of 
ve ) On the Digest System.—The appetite largely h 

On igeative —The appeti increases with exercize, 
oop iat for meat and fat, but ina less degree, it would appear, for the 
sasheliaitoates Digestion is more perfect, and ion is more rapid. 
The circulation through the liver increases, and the a circulation is 
carried on with more vigour. Food must be increased, especially nitrogenous 
substances, fats, and and of theee especislly the phosphates and the 
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chlorides,* The effects of exercise on digestion are greatly increased if it: be 
taken in the free air, and it is then a most valuable remedy for some forms 
of dyspepsia, (James Blake, Pacific Medical and Surgical Journal, 1860.) 
Conversely, deficient exercise lessens both appetite and digestive power. 

(g) On the Generative Organs.—It has been supposed that puberty is 
delayed by physical exertion, but perhaps the other circumstances have not 
been allowed full weight. Yet, it would appear that very strong exercise 
lessens sexual desire, possibly because nervous energy is turned in a special 
direction. 

(hk) On the Kidneys.—The water of the urine and the chloride of sodium 
often lessen in consequence of the increased passage from the skin. The 
urea is not much changed (see after). The uric acid increases after great 
exertion; so also apparently the pigment; the phosphoric acid is not 
augmented ;+ the sulphuric acid is moderately increased ; the free carbonic 
acid of the urine is increased; the chlorides are lessened on account of the 
outflow by the skin ; the exact amount of the bases has not been determined, 
but a greater excess of soda and potash is eliminated than of lime or 
magnesia; nothing certain is known as to hippuric acid, sugar, or other 
substances. { 

(t) On the Bowels.—The effect of exercise is to lessen the amount, partly, 
probably from lessened passage of water into the intestines. The nitrogen 
does not appear to be much altered.§ 

(k) On the Elimination of Nitrogen.—A great number of experiments have 
been made in the amount of nitrogen passing off by the kidneys during 
exercise,|| The amount of urea has been usually determined, and the 
nitrogen bas been calculated from this; Meissner has determined the amount 
of the creatin, and the creatinine ;{] while Fick, and Wislicenus have compared 
the total nitrogen (by soda lime in the manner of Voit) as well as the ureal 
nitrogen, and I have repeated their experiments.** The experiments have 
been usually carried on by determining the nitrogenous excretion in twenty- 
four hours with and without exercise; but in some, the period during which 


repetienay phe 





* It ia yet uncertain what kind of diet should be allowed during long marches in the tropics. 
Dr Kirk has informed me that in South Africa (10° to 17° 8.L.), during Dr Livingstone’s second 
expedition, a large quantity (2Tb) of animal food was found to be essential ; this was preferred, 
though any quantity of millets and leguminose could have been procured. Fat was taken in 
large quantities. It was found, also, that boiled was better than roast meat, because the nen 
could eat more of it. No bad effect whatever was traceable to the use of this great amount of 
meat, even in the intensest heat. ne 

+ 1 believe I can be certain of this from my own experiments. 

$ In the careful observations made by Dr Pavy on Weston the pede (Lancet, Deo. 1876), 
the following changes were found ; taking the amount excreted during rest as 1: — 


Const irucuts, Rest Walking. 

‘ Urea . 1 1-748 
Uric acid 1 1-287 
Chlorine 1 "478 
Sulphuric acid. 1 1-520 
Phosphoric acid . 1 1°985 

Soda. . i, 1 ‘$22 

Potash 1 1°43 

Lime . 1 + 1359 

1 989 


M esia ° e ry ° e ° ° e . 
All the sonstibunts thos appear tobe inorensed, except the chiorine andthe soda, which as 
notably diminished, especia ye ee ee 
lene degree. In these ez ta, however, the diet was not uniform. 
‘§ Proceedings of Royal Society, No. 04, 1867, ; 52. 
Yor a statment of these experiments up to 1860, may toler 3 SY oe Dee Coe 
of the Urine, 18600, p. 85. Binns this time the experiments have bean by Vait, 
, J. Ranke, E. Sialth, Haaghton, Fick and Wislioonns, Byasson, Noyes, Melamer, 


Pavy, and 
Zeitethrift fur rat. Med. band xxxil. p. 288. 
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work was actually performed was cempared with previous and subsequent 
equal rest periods. Some experiments were performed on men who took no 
nitrogen as food ; others were on men on a constant diet, eo that the variation 
produced by the altering ingress of nitrogen was avoided as far as possible. 

. In this place it is impossible to give an account of these long researches, 
and I must venture ona short summary. (1.) When a period of exercise is 
compared after an interval with one of rest (the diet being without nitrogen 
or with uniform nitrogen), the elimination of nitrogen by the kidneys is 
decidedly not increased in the exercise period. The experiments on this 
point are now so numerous that it may be stated without doubt. It is 
possible that the elimination may even be less during the exercise than during 
the work period. This would appear in part from some of Ranke's and Fick 
and Wislicenus’ experiments ; from Noyes, as far as regards the urea; and 
from Meissner’s, as far as the creatin (or creatinine) is concerned ; while I 
found a decrease both in the total nitrogen and in the urea. The decrease in 
my experiments was not inconsiderable, Additional observations are, how- 
ever, much wanted on this point. 

(2.) When a day of rest is compared with a day of work (¢.¢, a day with 
some hours of work and some hours of rest), the amount of nitrogen is almost 
or quite the same on the two days; if anything there is a slight increase in 
the nitrogen on the rest day. In a day of part exercise and rest, 
it is quite possible that there may be compensatory action, one part cing 
the other, so as to leave the total excretion little changed. 

(3.) When a period of great exercise is immediately followed by an equal 
period of rest, the nitrogenous elimination is increased in the latter. 
Meissner’s observations show that this is in part owing to increased discharge 
of creatin and creatinine ; my observations also show an increase of non-ureal 
nitrogen. But the urea is also slightly increased in this period. 

(4.) When two days of complete rest are immediately followed by days of 
common exercise, the nitrogenous elimination diminishes during the first day 
of exercise,* 

On the whole, if I have stated the facts correctly, the effect of exercise is 
certainly to influence the elimination of nitrogen by the kidneys, but within 
narrow limits, and the time of increase ia in the period of rest succeeding the 
exercise ; while during the exercise period the evidence, though not certain, 
pointe rather to a lessening of the elimination of nitrogen. 

It would appear from these facta that well-fed persona taking exercise would 
require a little more nitrogen in the food, and it is certain, as a matter of ex- 
perience, that persons undergoing laborious work do take more nitrogenous 
food. This is the case also with animals. The possible reason of this will 
appear presently. 

(3) On the Temperature of the Body.—As already stated, thé temperature 
of the body, as long as the skin acta, rises little. Dr Clifford-Allbutt,¢ from 
observations made on himself when climbing the Alpa,{ found his rio 
fairly uniform ; the most usual effect was a slight rise, compensated by an 


* This fact at presents resta only upon my observations ; it hes an importent bearing on the 
of the facts connected with the elimination of nitrogen, and I hope observations 





hy will soon confirm or disprove it. 

+ Alpine Journal, May 1571. 

T In the experiments made by Dr Celberla “ and his two during thelr ascents of 
Monte Ross and the Matterhorn, in August 1874, no were found as have been 
record other observers. In none of the three did the tem ever fall below 
30° 4C (07-6 F.}, or tise above 37°86 C. (=100° F.) Dr Thomas in ascents in 


PERRET LEP E ELL DLA AND ILD AED EODER AS ATONE SE REIS EASED ETE REELING 
¢ Archiv der Hellhande, 1675, p. 274, 
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earlier setting in of the evening fall. Or two occasions he noticed two curious 
depressions, amounting to no less than 4°°5 Fahr. ; he believes these were due 
to want of food, and not to exercise per se. In experimeuts on soldiers when 
marching, I have found no difference in temperature ; or if there was a very 
slight rise, it was subsequently compensated for by an equal fall, so that the 
mean daily temperature remained the seame.* A decided rise in temperature 
during marching would then show lessening of skin evaporation, and may 
poasibly be an important indication of impending eunstroke, 

Changes in the Muscles.—The discussion on this head involves so many 
obscure physiological points, that it would be out of place to pursue it here to 
any length The chief changes during action appear to be these :—There is 
@ considerable increase in temperature (Helmholtz) which, up to a certain 

int, is proportioned to the amount of work. It is also proportioned to the 
Kind, being Jess when the muscle is allowed to shorten than if prevented from 
shortening (Heidenhain) ; the neutral or alkaline reaction of the tranquil 
muscle becomes acid from para-lactic acid and acid potassium phosphate ; the 
venous blood passing from the muscles becomes much darker in colour, is 
much less rich in oxygen, and contains much more carbonic acid (Sczelkow) ; 
the extractive matters soluble in water lessen, those soluble in alcohol increase 
(Helmholtz, in frogs) ; the amount of water increases (in tetanus, J. Ranke), 
and the blood is consequently poorer in water ; the amount of albumen in 
tetanus is less according to Ranke, but Kiihne has pointed out that the num- 
bers do not justify this inference.t Baron J. von Liebig stated that the 
creatin is increased (but this was an inference from old observations on the ex- 
tractum carnis of hunted animals, and requires confirmation). Sarokin has 
stated the same fact in respect of the frog. The electro-motor currents show 
a decided diminution during contraction. . 

That great molecular changes go on in the contracting muscles is certain, 
but their exact nature is not clear ; according to Ludimar Hermann,} there is 
a jelly-like separation and coagulation of the myosin, and then a resumption 
of its prior form, so that there is a continual splitting of the muscular struc- 
ture intoa myosin coagulum, carbonic acid, and a free acid, and this constitutes 
the main molecular movement. But no direct evidence has been given of this. 

The increased heat, the great amount of carbonic acid, and the disappearance 
of oxygen, combined with the respiratory phenomena already noted, all seem 
to show that an active oxidation goes on, and it is very probable that this is 
the source of the muscular action. The oxidation may be conceived to take 
place in two ways—either during reat oxygen is absorbed and stored up in 
the muscles and gradually acts there, producing a substance which, when the 
muscle contracts, splits up into lactic acid, carbonic acid, &c. ; or, on the other 
hand, during the contraction an increased absorption of oxygen goes on in the 
blood and acts upon the muscles, or on the substances in the blood cireulating 
through the musclea§ The firet view is strengthened by some of Pettenkofor 
and Voit’s experimenta, which show that during rest a certain amount of 
storage of oxygen goes on, which no doubt in part occurs in the muscles them- 
selves. Indeed, it has been inferred that it is this stored up oxygen, and not 
that breathed in at the time, which is used in muscular action. The increased 
oxidation gives us a reason why the nitrogenous food must be increased during 


* Procsedings of Ro . 197 and No. 136. 
Lehre det Pha, Chem 196 0° . 
Unters, tiber den Stoffwecheel der M von Dr L. Hermann ; Weitere Untersuch. 
ae ere Guartarty Jourial of Be tase = ges er 
the axidaties goes on in the blood. : | 
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peviods of great exertion. An increase in the supply of oxygen is a necessity: 
for-increased muscular action ; but Pettenkofer and Voit’a observations (ses 
me 188) have shown thet the absorption of oxygen is depandent on the 
amount and action of the nitrogenous structures of the body, so that, asa matter 
of course, if more oxygen is required for increased muscular work, more nitro- 
as food is necessary. But apart from this, although experiments on the 


there is no doubt that, with constant regular exercise, a muscle enlarges, 
becomes thicker, heavier, contains more solid matter, and in fact has gained 
in nitrogen. This process may be slow, but it is certain ; and the nitrogen 
must either be supplied by increased food, or be taken from other parta.* 

So that although we do not know the exact changes going on in the muscles, 
it ia, I presume, certain that regular exercise produces in them an addition of 
ni ous tissue. 

ether this addition occurs, as usually believed, in the period of rest suo- 
ceeding action, when in some unexplained way the destruction which it is pre- 
sumed has taken placa, is not only repaired, but is exceeded (a provesa 
difficult to understand), or whether the addition of nitrogen is actually made 
during the action of the muscle,t must be left undecided for the present, 

The substances which are thus oxidised in the muscle, or in the blood cirou- 
lating through it, and from which the energy manifested, as heat or muscular 
movement, is believed to be derived, may probably be of different kinda. 
Under ordinary circumstances the experiments and calculations of Fick and 
Wislioenus, and others, and the arguments of Traube, seem sufficient to show 
that the non-nitrogenous substances, and perhaps especially the fata, furnish 
the chief substances acted upon. But it is probable that the nitrogenous sub- 
stances also furnish a cgay Jon of energy.t The exact mode in which the 
energy thus liberated by oxidation is made to assume the form of mechanical 
motion is quite obscure, 


The Exhaustion of Muacles. 
There seems little doubt that the exhaustion of muscles is chiefly owing to 


* The way in which a vi sll hcl Bol +) edie ape igs yep lig 

Cases cause , is seek in many cases of disease. A rapidly growing cancer of the liver, for 

example, takes so much nitrogen as well as fat that it colic rg i baad wa peer 
and both voluntary muscles and heart waste. This is the case, it is less marked, wi 

other parts, and with great discharges. Powerful muscular action, if the 

something the same way ; the health is greatly affected, 


in 
le. 

T have suggested, ig ody apodd hecpnpe 9 wait! dodger vents tad ort Regd 
ra, which secs to me not culy in accordance the facts the nltrogenons olctnation as 
far as bat to with Pettenkofer and Voit's ex on the storing up of the 

probable ac — think 
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_. , Tecover ‘ite neutrality and ite normal. electrical currenta, and may  ‘sgain 
acqnire oxygen in sufficient quantity for the next contraction. In the case of 
ait nduaclan Casas tutarvale of action and of exhaustion take place, in part even 
in the period which is called exercise, but the rest is not sufficient entirely to 
restore it, In the case of the heart, the reat between the contractions (about 
two-thirds of the time), is sufficient to allow the muscle to perfectly recover itself. 
| The body after exertion eagerly absorbs and retains water ; the water, 
though taken in large quantities, does not pass off as rapidly as usual by the 
kidneys or the skin, and instead of causing an augmented metamorphosis, as 
it does in a state of rest, it produces no effect whatever. So completely is it 
retained, that although the skin has ceased to perspire, the urine does not in- 
crease in quantity for several hours. The quantity of water taken is some- 
times so great as not only to cover the loss of weight caused by the exercise, 
but even to increase the weight of the body. 

- ‘We can be certain, then, of the absolute necessity of water during and after . 
exercise, and the old rule of the trainer, who lessened the quantity of water to 
the lowest point which could be bore, must be wrong. In fact, it is now 
being abandoned by the best trainers, who allow a liberal allowance of fluid. 
The error probably arose in this way: if, during great exertion, water is 
denied, at the end of the time an enormous quantity is often drunk, more, in 
fact, than is necessary, in order to still the overpowering thirst. The sweating 
which the trainer had so sedulously encouraged is thus at once compensated, 
and, in his view, all has to be done over again. All this seems to be a mis- 
apprehension of the facts. The body must have water, and the proper plan 
is to let it pass in small quantities and frequently ; not to deny it for hours, 
and then to allow it to pass in in a deluge. The plan of giving it in small 
quantities frequently, does away with two dangers, viz., the rapid passage of 
a large quantity of cold water into the stomach and blood, and the taking 
more than is necessary.* 

In the French army, on the march, the men are directed not to drink ; but 
if very thirsty, to hold water in the mouth, or to carry a bullet in the mouth. 
It is singular, in that nation of practical soldiers, to find such an order. 
Soldiers ought to be abundantly supplied with water, and taught to take 
small quantities, when they begin to feel thirsty or fatigued. If they are 
hot, the cold water may be held in the mouth a minute or two before 
swallowing, as a precaution; though, I must say, as far as I have seen, I 
have never known any ill effects from drinking a moderate quantity of cold 
water, even during the greatest heat of the body. : 

' General Effect of Exercise on the Body, as judged of by the preceding facte.— 
The main effect of exercise is to increase oxidation of. carbon, and perhaps 
also of hydrogen ; it also eliminates water from the body, and this action con- 
tinves, as seen from Pettenkofer and Voit's experiments, for some time ; after 
exercise, the body is therefore poorer in water, an pore the blood; it 
inereases the rapidity of circulation everywhere, as well as the on the 
vessels, and therefore it causes in all organs a more rapid outflow of plasma 
and absorption,—in other words, a quicker renewal. In this way also it 
removes the products of their action, which accumulate in organs ; and restores 


 * Tt ie but right to say that travellers of great have expressed. great fear 
of water under exartion” Some of them hare ost stvagiy wed Gat “aber be steed 

| have stated ry quanti butter preventive of thirst. 
At aby cat, the base may be ection, St an’ * . 
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the power of action to the various parteof the body. _ It increases the outflow. 
of warmth from the body hy increasing perspiration. It therefore strengthens 
all parts, It must be combined with increased supply both of nitrogen and 
carbon (the Leoroast seeps in the form of fat) otherwise the absorption of 
oxygen, the: changes in the nitrogenous tissues, and the elimination ' 
of carbon, will be checked. There must be also an increased supply of salte, 
certainly of chloride of sodium; probably of potassium phosphate and 
chloride. There must be proper intervals of rest, or the store of oxygen, and 
of the material in the muscles which is to be metamorphosed during contrac- 
tion, cannot take place, The integrity and perfect freedom of action both of 
the lungs and heart are essential, otherwise neither absorption of oxygen nor 
elimination of carbon can go on, nor can the necessary increased supply of 
blood be supplied to the acting muscles without injury. ; 

In all these pointe, the inferences deducible from the physiological inquiries 
seem to be quite in harmony with the teachings of experience, 


SECTION II. 
AMOUNT OF EXERCISE WHICH SHOULD BE TAKEN. 


It would be extremely important to determine, if possible, the exact amount 
of exercise which a healthy adult, man or woman, should take, Every ono 
knows that great errors are committed, chiefly on the side of defective 
exercise. It is not, however, easy to fix the amount even for an average 
man, much less to give any rule which shall apply to all the divers conditions 
of health and strength. But it is, I think, certain that muscular work is not 
only a necessity for health of body, but for mind also ; at least it has seemed 
to me that diminution in the size of the body from deficient muscular work 
seems to lead in two or three generations to degenerate mental formation. 

The external work which can be done by a man daily has been estimated 
at 3th of the work of the horse ; but if the work of a horse is considered to 
be equal to the 1-horse power of a steam engine (viz., 33,000 fb raised 1 foot 
high per minute, or 8839 tons raised 1 foot high in ten hours), this must be 
an over-estimate, as 3th of this would be 1263 tons raised 1 foot in a day’s 
work of ten houra.* The hardest day's work of twelve hours I have ever 


* In some works on physiology a man’s work of eight ours has been put as high as $16,800 
kilogrammemetres, or 1020 tons lifted a foot ; but this is far too much, 

In this country, the amount of work done is generally estimated as so many tha. or tons 
lifted 1 foot. In France it is expressed as so many kilogrammes lifted 1 metre. ogramine: 
metres are converted into foot-pounds, by multiplying vy 7°288. To bring at once into tons 
lifted a foot, multiply kilogrammemetres by : e following table may be useful, ax 
expressing the amount of work done. It is taken from Dr Haughton’s work (A New Theory 
of Muscular Action). The numbers are a little different from those given by Coulomb, as 


they were recalculated by Dr Haughton in 1863. 
Lasounmne Force of Max. 





Kind of Work. 
$12 tons lifted 1 foot. 
$52 
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mystif kndwn's man do, was in the ease of s workman in a copper rolling. 

1. He stated that he occasionally raised a weight of 90 B to a height of 
18 inches, 13,000 times a-day. Supposing this to be correct, he taiee 
723. tons 1 foot high, But this much overpasses the usual amount. The 
edme man's ordinary day's work, which he considered extremely hard, was 
raising a weight of 124 % 16 inches, 5000 or 6000 times ina day. pay 
the larger number, this would make his work equivalent to 442°8 tons lift 
& foot’; and this was a hard day’s work for a powerful man. Some of the 
puddlers in the iron country, and the glass-blowers, probably work harder 
then this ; bat I am not aware of any calculations. I learned from a pedlar, 
that an ordinary day’s work was to carry 28 twenty miles daily. The 
weight is balanced over the shoulder,—14 behind and 14 in front. The 
work is equal to 419°5 tons lifted 1 foot. It would, therefore, seem certain 
that an amount of work equal to 500 tons lifted a foot is an extremely hard 
day’s work, which perhaps few men could continue to do. 400 tons lifted a 
foot is a hard day’s work, and 300 tons lifted a foot is an average day’s work 
for a healthy, strong adult. 

The external work is thus 800 to 500 tons on an average; the internal 
work of the heart, muscles of respiration, digestion, &c., has been variously 
estimated ; the estimates for the heart alone vary from 122 to 277 tons lifted 
a foot. The former isthat given by Haughton, who estimates the respiratory 
movements as about 11 tons lifted a foot in 24 hours. Adopting a mean 
number of 260 tons for all the internal mechanical work, and the external 
work of a mechanic being 300 to 500 tons, this will amount to from 3th to 
tth of all the force obtainable from the food. 

The exertion which the infantry soldier is called upon to undergo is chiefly 
drill and carrying weights on a level, or over an uneven surface. 

The Reverend Professor Haughton, M.D., who is so well known for his 
important contributions to physiology and medicine, has shown that walking 
on 8 level surface at the rate of' about 3 miles an hour is equivalent to 
raising zyth part of the weight of the body through the distance walked ; an 
easy calculation changes this into the weight raised 1 foot. When ascending 
a height, a man of course raises his whole weight through the height ascended. 

Using this formula,* and assuming a man to weigh 150 with his clothes, 
we get the following table :-— 


Walking 1 mile, rns | ih :) a 
”? 2 9 . . . ° ‘ $534 
” 10 ” ° . ° s ; 176-7 
” 20 ” 8 eee ° ° ’ 353-4 
‘9 1 ,, and carrying 60 B, : 2 94°75 
” 2 ” 9? ° ° 24°75 
” 10 TY 9 ° . 247'5 
4 9¢ 20 99 99 e e 495 
I be interesti 
vert gi Dede Chama enn done in India by aap which have. 
: go Pankabarree (thirty miles, and an ascent of 
in three ¢ is 
cpt et, oe days, carryl 80% weight, he we ns is carried On & frame supported on 
Ling chaperone foot, tng 180%, and 
: bearers carried au officer. weighing ; alangoln 


* ‘The formule le “pa. ; Where -W is the weight of the person, W’ the waight aaz.. 
ried; D the distance walked in feet; 90 the -cocflicient of traction ; and 2940 the number of 


’ Ieis thus seen that a march.of ten miles, with a weight of 60 Ib (which is 
neatly the weight « soldier carries when in marching order, but without 
blankets and rations), is a moderateday’s werk. A twenty-miles’ march, with 
60 > weight, is a very hard day's work, As a continued labouring effort, Dr 
Haughton believes that walking twenty miles a-day, without a load (Sunday 
being rest), is good work (358 tons lifted foot); so that the load of 60 
additional would make the work too hard for a continuance,* 

It must, however, be remembered, that it is understood that the walking is 
on level ground, and is done in the easiest manner to the person, and that the 
weights which are carried are properly disposed. The labour is greatly 
increased if the walk is irksome, and the weights are not well adjusted. And 
this is the case with the soldier. In ing, his attitude is stiff; he 
observes a certain time and distance in each step ; he has none of those shorter 
and longer atepa, and slower and more rapid motion, which aasist the ordinary 
pedestrian. It may be questioned, indeed, whether the formula does not 
under-estimate the amount of work actually done by the soldier. The work 
becomes heavier, too, t.e., more exhausting, if it is done in a shorter time ; or, 
in other words, velocity is gained at the expense of carrying power.t The 
velocity in fact, i.e, the rate at which work is done, is an im t element 
in the question, in consequence of the strain thrown on the heart and lungs. 
The Oxford boat races—rowing at racing speed (= 1 mile in 7 minutes) in an 
Oxford eight-oar, or 18°56 foot-tons in 7 minuteat isnot apparently very hard 





pounds in aton. ‘The result is the number of tons raised 1 foot. Tio get the distance in feet, 
multiply 5280 by the number of miles walked. 

* I caloulated the work done by the si pro ged the Arctic Expedition of 1875-6, and 
found that the Northern (Markham’s), did a mean of 574 foot-tons per nan per 
with a maximum of 859 ; estern party (Aldrich’s) did a mean of 443, and a maximam of 
over 600. Even this large amount was considered an under-estimate by the Commanders. 
(See Report of Committee on Outbreak of Scurvy (Blue Book) App 4, p. $65). i. de 0.) 

+ Dr Haughton (Principles of Animal Mechanics, 2d ed. pp. 57) hae determined, 
from the calculations uf the MM. Weber, the coefficient of resistance for 
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Interpolating between these numbers we can obtain the coefficients at other velocities. ‘The 
le shows the coefficients, the distance in miles that would equal 300 foot-tons 
for a man of 160 the, and the time in hours and minutes that would be required withont rest :— 


Distance for Men of Time required in 
Vi ta ent of 
ee ana ae. 260 Te, to equal Hours and Miata, 
3 were 21°2 10 «36 
3 vous 16° & 34 
4 Teva 13°83 3 18. 
& nin 113 2 3 
6 vrs 9°6 1 36 
| rvry 8% 1 19 
8 ke 76 0 57 
9 vey Co 0 4 
10 vir 63 0 36 eo 
The coefiicient J, corresponds very nearly to 8°] miles an hour, and this to 
vate at which grestest amount of work oan be dove at the laet expenditure of energy. 
sep ahora ad psp Breage cert ar peng acid ; $e Chanmons.) As vegans ys 
Haughton states the “‘ Law of F * as follows :—"‘ When the same (or group of 
maucie) te kept in constant ection sets in, the total work done, multiplied b 
the mite of is constant.” The “Law of Refreshment” on the rate at Ww 
subieed to the mala ia foot pout y cnet ealaaele eecond amet ary wenie 
ounce : 
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syotem: 
Looking at all these results, and considering that the panier 5 life is 
‘that of a man engaged in manual labour in the free air, and that the daily 
work will probably average from 250 to 350 tons lifted 1 foot, wecan perha 
way, as an approximation, that every healthy man ought, if possible, to 

a daily amount of exercise in some way, which shall not be leas than 150 tons 
lifted 1 foot. This amount is equivalent to a walk of about 9 miles ; but 
then, as there is much exertion taken in ordinary business of life; this amount 
may be in many cases reduced. It is not possible to lay down rules to meet 
all cases ; but probably every man with the above facts before him could fix 
the amount necessary for himself with tolerable accuracy. 

In the case of the soldier, if he were allowed to march easily, and if the 
weights were not oppressively arranged, he ought to do easily 12 miles daily 
for a long time, provided he was allowed a periodical rest. But he could not 
for many days, without great fatigue, march 20 miles a day with a 60 % load, 
unless he were in good condition and well fed. Ifa greater amount still is 
demanded from him, he must have long subsequent rest. But all the long 
marches by our own or other armies have been made without weights, except 
arms and a portion of ammunition. Then great distances have been traversed 
by men in good training and condition. 


SECTION ITT. 


TRAINING. 


The aim of the “ Trainer ” is to increase breathing power ; to make the 
muscular action more vigorous and enduring, and to lessen the amount of fat. 
He arrives at his result by a very careful diet, containing little or no aleohol ; 
by regular and systematic exercise ; and by increasing the action of the 
eliminating organs, especially of the skin. 

What the “ Trainer ” thus accomplishes is in essence the following : a con- 
cordant action is estdblished between the heart-and blood-vessels, so that the 
strong action of the heart during exercise is met by a more perfect dilatation 
‘of the vessels, and there is no blockage of the flow of blood ; in the lungs, the 
blood not only passes more freely, but the amount of oxygen is increased, and 
the gradual improvement in breathing power is well seen when horses are 
watched during training. This reciprocal action of heart and blood-vessels is 
the most important point in training; the nutrition of nerves and muscular 
fibres improves from the constant action, and the abundant supply of food ; 
the tissue oe are more active, and elimination, especially of carbon, in- 
creases, A higher condition of health ensues, and if not carried to excess, 
training ” is simply another word for healthy and vigorous living.* 


* Of course, over-train be h but be carried too far. I dan 

OE ogg byt pp tg ae 
® 

“Trataing, by BR. Lee, M.D., with some good advice on training. ss ue 


CHAPTER ‘XIII. 
CLOTHING. 


Tue objects of clothing are to protect against cold and against warmth ; all 
other uses will be found to resolve themselves into one or other of these. 

The subject naturally divides itself into two partse—Ilst, The materials of 
clothing ; and 2d, The make of the garments, which will be considered in 
Book IL, and only as far as the soldier is concerned. 


Mareriats or CLorsine. 


The following only will be described :—Cotton, linen, jute, wool, leather, 
and india-rubber. ; 

Chemical Reaction.—These materials are all easily distinguished by micro- 
scopical characters, but certain chemical reactions may be useful. Wool and 
silk dissolve in boiling liquor potasse or liquor sodw of sp. gr. 1040 to 1050; 
cotton and linen are not attacked. Wool is little altered by lying in sulphuric 
acid, but cotton and linen change in half an hour into a gelatinous mass, 
which is coloured blue by iodine. Silk is slowly dissolved. Wool and silk 
take a yellow colour in strong nitric acid ; cotton and linen do not. So also 
wool and silk are tinged yellow by picric acid ; cotton and linen are not, or the 
colour is slight, and can be washed off. Silk, again, is dissolved by hot con- 
centrated chloride of zinc, which will not touch wool. In a mixed fabric of 
silk, wool, and cotton, first boil in strong chloride of zinc, and wash ; this 
zeta rid of the silk; then boil in liquor sodm, which dissolves the wool, and 
the cotton is left behind. Another reagent is recommended i gos ey 
viz., 8 solution of copper in ammonia ; this rapidly dissolves silk and cotton, 
and, after a longer time, linen; wool is only somewhat swollen by it. By 
drying thoroughly first, and after each of the above steps, the weight of the 
respective materials can be obtained.* 

Ootton— Microscopic Charactere.--A diaphanous substance forming fibres 
about zyygth of an inch in diameter, flattened in shape, and riband-like, with 
an intenor canal which is often obliterated, or may contain some extractive 
matters, borders a little thickened, the fibres twisted at intervals (about 600 
times in an inch). It has been stated that the fresh cotton fibre is a 
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cylindrical hair with thin walla, which collapses and twista as it becomes dry. 
Todine. stains them brown; iodine and sulphuric acid (in very small 
quantities) give a blue or violet blue; nitric acid does not destroy them, but 
Aa an Article of Dress.—The fibre of cotton is exceedingly hard, it wears 
well, does not shrink in washing, is. very non-absorbent of water (either into 
its substance, or between the fibres), and conducts heat rather leas rapidly 
than linen, but much more rapidly than wool.* 

The advantages of cotton are cheapness and durability ; its hard non-. 
absorbent fibre places it far below wool as a warm water-absorbing clothing. 
In the choice of cotton fabrics there is not much to be said; smoothness, 
evenness of texture, and equality of spinning, are the chief points. 
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, 99.—Cotton x 285. 100.—Linen x 2865. 


* Late experiments have been made on: the conducting power of materials by Co 
fessor of Chemistry at the Val de Grice), and by Dr Hammond (late 

Tn both cases a polished 

elicate thermometer 
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MICROSOCOPICAL CHARACTERS OF FIBRES, peg 


_ In cotton shirting and calico, cotton: is alone .used.; in merino Sai dee 

pn md win en Se pein 20 to 50. per cent. of wool, 

ag gg cial together to form the yarn. 
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Fig. 101.--Silk x 285. Scale on page 424. 
be often seen in these swellings, and also at the end of broken threads which 
have been much used. The hemp fibre is something like thie, but much 
coarser, and at the knots it separates often into a number of smaller fibres. 
Silk is a little like linen, but finer, and with much fewer knots. 
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he ani Article of Olothing.—Linen conducta hens and abectbs water slightly 


clothing it be classed with it, In i ee 
pace bea f wher apy my np tomes p. Ree the textawe. The 
eolour should be white, and the surface glossy. Starch is often need to give 


Corchorue capeularis, and comes to England from Russia and India. The 
fibres are of considerable length, are hollow, thickened, and with narrowings 
and constrictions in the tubular portions ; sometimes an air-bubble may be in 
the fibre, as shown in the drawing. The drawing, which, as well as the above 
description, I owe to Dr Maddox, shows the differences between the jute and 
cotton or linen, 
Wool-——Microscopie Characters.—Round fibres, transparent or a little hazy, 
colourless. The fibre is made up of a number of little cornets, which have 
become united. There are very evident slightly oblique cross markings, 
which indicate the bases of the cornets; and at these points the fibre is very 
slightly larger. There are also fine longitudinal markings. There is a 
canal, but it is often obliterated. When old and worn, the fibre breaks up 
into fibrille ; and, at the same time, the slight prominence at the cross mark 
ings disappear, and even the markings become indistinct. By these 
characters old wool can be recognised. Size of fibres varies, but an average 
is given by the figure. The finest wools have the smallest fibres. 
as As an Article of Clothing.—Wool is a bad 
| conductor of heat and a great absorber of 
water. The water penetrates into the fibres 
themselves and distends them (hygroscopic 
water), and also lies between them (water of 
interposition). In these respecte it is greatly 
superior to either cotton or linen, its power 
of hygroscopic absorption being at least 
double in proportion to its weight, and 
quadruple in proportion to ite surface. 
This property of bysrosmoricelly absorbing 
water is a most important one. J)uring per- 
iration the evaporation from the surface of 
the body is necessary to reduce the heat which 
is generated by the exercise, When the ex- 
ercise is finished, the evaporation still goes on, 
and, as already noticed, to such an extent as 
to chill the frame. When dry woollen clothing 
is put on after exertion, the vapour from the 
— of the body — in oer ya 
and gives out again amoun} 
which had gr 3 latent Li the water i 
vaporised. Therefore a woollen covering, 
this cause alone, at once feels warm when used 
ia iam In the case of cotton and 
. 108.—Wool x 285, linen imation passes them, 
“ha, réveth inch. and eats trom the ex surface 
without condensation ; the loss of heat continues. These facts make it 
plain why dry woollen clothes are so useful @/ter exertion.* 


* Pettenkoler fir 165) scmse experiments showing : 
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MATERIALA Of ChOTHING, ge 
- Tn ediiition ¢0 this, the texture of wool is warmest, from ite bed i 
power, and it is Ines easily penstented by cold winds. The disdvan m 
wool is the way in which its soft fibre abri ia wasltng, and hear a tics 


2 i ea and the weight of the blanket, are the best 
uides., 

= In woollen cloth the rules are the same. When held against the light, the 
cloth should be of uniform texture, without holes ; when folded and suddenly 
stretched, it should give a clear ringing note; it should be very resistent 
when stretched with violence ; the “ tearmng per ” is the best way of judging 
if “ shoddy ” (old used and worked-up wool and cloth) has been mixed with 
fresh wool, A certain weight must be borne by every piece of cloth. At the 
Government Clothing Establishment at Pimlico, a machine is used which 
marke the exact weight necessary to tear across a piece of cloth. Schlesinger 
recommends the following plan for the examination of a mixed fabric con- 
taining shoddy :—Examine it with the microscope, and recognise if it con- 
tains cotton, or silk or linen, besides wool. If so, dissulve them by ammonia- 
cal solution of copper. In this way a qualitative examination is first made, 
Then fix attention on the wool. In shoddy both coloured and colourless wool- 
fibres are often seen, as the fibres have been derived from different cloths 
which have been partially bleached ; the colouring matter, if it remains, is 
different—indigo, purpurin, or madder. The diameter of the wool is never 
80 as in fresh wool, and it changes suddenly or gradually in diameter, 
and suddenly widens again with a little swelling, and then thins off again ; 
the cross marking or scales are also almost obliterated. When liquor potasag 
is applied the shoddy wool is attacked much more quickly than fresh 
wool, 

The dye also must be good, and of the kind named in the contract, and testa 
must be applied. 

Leather.—Choice of leather ; it should be well tanned, and without any 
marks of corrosion, or attacks of insectaa The thinner kind should be 
perfectly supple. 

Leather ia not only used for shoes, leaeings and accoutrements ; it is em- 
ployed occasionally for coate and trousers. It is an extremely warm clothing, 
as no wind blows through it, and is therefore well adapted for cold, windy 
climates, Leather or sheepskin coats are very common in Turkey, Tartary, 
Persia, the Danubian Provinces, and everywhere where the cold north winds 
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flannel exposed to the air after placed in conditions of absorption, the linen 
lost in 75 minutes 5998 grammes, and the pom Era grammes of water. Babeequently 
the from the linen lessened, as was to oe ee eee : 
thst from the flaunel continued to pass off modezately. much greater cooling effect of 


The porosity of clothing, é.¢,, th which air is driven through, + to be 
noted. By as sql press ‘oquraoat fo cfu of water 46 coutinere i , an aren 
Maca — eS wold 6 irr np aga cat 

thus r clothing (tlannel) may be © most porous; mere porosity 


ene telt, Ta Canads cota of shespikin or bufhloide have been found very 
neefal, and are commonly used by sentries. 

Waterproof Cothing.—-Like leather articles, the india-rubber is an. exceed. 
ingly hot dreas, owing to the same esuses, vir, ae prepreg alone laras 
oontiensation par of perspiration. It is objected to by many on 
att spo ratanie pecially the latter ; Ter tapht boat yma? placa cramp 
| of the “me gree hats persistently (and, in his opinion, very 
properly) the introduction of waterproof garments into the army. If, how- 

ever, woollen ate worn, the perspiration is sufficiently absorbed by 

thoes during the comparatively short time waterproof clothing is worn, and 

the A peter ia properly not valid, unless the waterproof is continually worn. 

The great use of waterproof is, of course, ita protection against rain, and in 

this reepect it is invaluable to the soldier, and should be Ceili ase used, By 
the side of this great use, all its defects appear to me to be minor evils. 

India-rubber cloth loses in part its distensibility in very cold countries, and 
becomes too distensible in the tro Paraffined cloth is equally good, and 
the paraffin does not rot the fibre like common oil. 


General Conclusions. 


Protection against Oold.—Yor equal thicknesses, wool is much superior to 
either cotton or linen, and should be worn for all underelothing. In case of 
extreme cold, besides wool, leather, or waterproof clothing is useful, Cotton 
and linen are nearly equal. 

Protection against Heat.—Texture has nothing to do with ion from 
the direct solar rays ; this depends entirely on colour. ite is the beat 
colour ; then grey, yellow, pink, blue, black. In hot countries, therefore, 
white or light-grey clothing should be chosen. 

In the the effect of colour is not marked. The thickness, and the 
conducting power of the material, are the conditions (especially the former) 
which influence heat, 

Protection against Cold Winds.—For equal thicknesses, leather and india- 
rubber take the first rank ; wool the second ; cotton and linen about equal. 

Absorption of Perepivation.——Wool hes more than double the power of 
ed beorgtion of This partly depends on col d Stark’s obser- 

of Odours.— y depends on colour ; and Stark’s o 
vations ahow that the power of absorption is in this order—black, blue, red, 
green, yellow, white, As far as texture is concerned, the absorption is in pro- 
portion to the hygroscopic absorption, and wool therefore absorbs more than 
~~ a It has been supposed that wearing. flannel 

ection against Malaria.—It au 
next the skin lessens the risk of malaria. As it is generally su that the 

j olernaa rege gre rab layed ye ere Saga 
how protection to in can prevent its action ; except indirectly, by pre- 
“venting chill in persons who have already suffered from ague, But the very 

suthority of Andtew Combe, drawn from experience at Rome, is in 
of its having some influence ; and it; has ‘been used on the west const 
of Africa for this purpose, with epparently good resulta, 


CHAPTER XIV. 
CLIMATE, 


Ix is not easy to give a proper definition of climate. The effect of climate on 
the human body is the sum of the influences which are connected either with 
the solar agencies, the soil, the air, or the water of a place, and as these 
influences are in the highest degree complex, it is not at present possible to 
trace out their effects with any certainty. 

With regard generally to the effect of climate on human life, it would seem 
certain that the facility of obteining food (which is itself influenced by climate), 
rather than any of the immediate effects of climate, regulates the location of 
men and the amount of population. The human frame seems to acquire in 
time a wonderful power of adaptation ; the Eequimaux, when they can obtain 
plenty of food, are large strong men (though nothing is known of their average 
length of life), and the dwellera in the hottest parte of the world (provided 
there is no malaria, and that their food is nutritious) show a stature as lofty, 
and a etrength as great, as any dwellers in temperate climates. Peculiaritios 
et TACG, — i arising a aad gaat how, but pecans from the combined 

uences of climate, and customs, acting many a 
to have more effect on stature, health, and duration of life, than climate ana 
Still, is would seem probable that, in climatic conditions so diverse, there 
arise some special differences of atructure which are most marked in the skin, 
but may possibly involve other organs. 

How soon the body, when it has become accustomed by length of residence 
for successive generations to one climate, can ascsencilats iteelf to, or bear 
the conditions of, the climate of another widely different place, is a questi 
which can only be answered when the influences of climate are bathe eases. 
The hypothesis of “ acclimatisation” implies that there is at first an injurious 
effect produced, and then an accommodation of the body to the new conditions 
within a very limited time; that, for example, the dweller in northern sones 
passing into the tropics, although he at first suffers, acquires in a fow years 
some special constitution which relieves him from the injurious consequences 
which, itis supposed, the change at first brought with it, There are, therefore, 
twe-assumptions, viz, of an injurious effect, and of a relief from it, Axe 

- bold thing to question the commonl received opinion, that 
t may seem & question y ; 

& tropical climate is injurious to a northern constitution, but thers aze some 

striking facts which itis difficult to reconcile with such an opinion, The army 

experience shows that, both in the Weet Indies and in India, the mortality of 

the soldior has been gradually decreasing, until, in some stations in the West 

modality eno the ee pace pe erest og si ne 

: B are on wervics 
in Yeats which have no fever. In India, a century oy aac 

with horror of the terribie climate of Bombuy-and Calcutta, and yet i 
"now live in health and comdort in both cities, in Algerie the Franch expetionce 

is to the same effect, As the climate.end the sintions are the same, and the. 
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soldiers are of the same tace and habits, what has removed the dengers which 
formerly made the sickness threefold and the mortality tenfold the ratio of the 
sickness and deaths at home * 

The explanation is very simple ; the deaths in the West Indies were partly 
owing to the virulence of yellow fever (which was fostered, though probably 
not engendered by bad sanitary conditions), and the general excess of other 
febrile and dysenteric cases. The simple hygienic precautions which are 
efficacions in England have been as useful in the West Indies. Proper food, 

water, pure air, have been supplied, and, in proportion as they have 

so, the Jeadly effects attributed to climate have disappeared. The effect 
of a tropical climate is, so to speak, relative. The temperature and the 
humidity of the air are highly favourable to decompositions of all kinds; the 
efflnvis from an impure soil, and the putrescont changes going on in it, are 
greatly aggravated by heat. The effects of the sanitary evils which, in a cold 
climate like Canada, are partly neutralised by the cold, are developed in the 
‘West Indies, or in tropical India, to the greatest degree. In this way a 
tropical climate is evidently most powerful, and it renders all sanitary precau- 
tions tenfold more necessary than in the temperate zone. But all this is not 
the effect of climate, but of something added to climate. 

Take away these sanitary defects, and avoid malarious soils or drain them, 
and let the mode of living be a proper one, and the European soldier does not 
die faster in the tropics than at home.* 

It must be said, however, that an element of uncertainty may be pointed 
out here. In our tropical possessions the European soldier serves now only 
for short periods (in the West Indies for three or four years, in India only 
for twelve years, and under the new regulations of short service he may only 
be six years, or less), and during this time he may be for some years on the 
hills, or at any rate in elevated spots. The old statistical reports of the army 
pointed out that the mortality in the West Indies augmented regularly with 
prolongation of service, and it may be said that, after all, the leasened sick- 
ness and mortality in the tropics is owing, in some degree, to avoidance by 
short servico of the influence of climate. But as the whole long service was 
constantly passed under the unfavourable sanitary conditions now removed, 
it does not follow that the inference to be drawn from the statistical evidence 
as to length of service is really correct. 

Facts prove, then, that under favourable sanitary conditions (general and 

reonal), Europeans, during short services, may be as healthy as at home, as 

ar as shown by tables of sickness and mortality,t and it is not certain that 
long service brings with it different results. 

It may, however, be urged that, admitting that a non-malarious tropical 
climate per ve, may not increase sickness or mortality during the most vigorous 

of life (and it is then only that Europeans are usually subjected to it), 
it may yet really diminish health, leasen the vigour of the body, and diminish 
the expectation of life. 

We have no evidence on the latter point.{ With reepect to the former, it 
‘will be well to see what is known of the effects of climatic agencies un the 
m6. i” 

The influences of locality and climate, as far as they are connected with 


* The uction of liver disease in en amount in India, will be considered b to 


ri 





‘te a pare effect of climate, eters to me to point atrongly 
dn sunther direction (ase ou pie 

tie stpsistionl aon the chapters on the West and India, 

ans Sener conditions ‘ore or ie in Tnstin til whi the kaee 
few yours, can hardly be wed with saluty te-acttle this poixt. . 


TEMPERATURE, 21. 


avil and watér, have been sufficiently discussed, J. shall mordly briefly review 
arr ra sh eecapaceae = eae, by uo some sli connected 
ith air. y are—temperature, idity, movement, weight, compositi 
and electrical condition, The amount of light is auiler dllaeas condition 
of importance, 
; SECTION 1 


TEMPERATURE.* 


The amount of the sun’s rays; the mean temperature of the air; the 
variations in temperature, both periodic and aig saga and the length of 
time a high or low temperature laste, are the most important points. 
Temperature alone has been made a ground of classification. 

(a) Equable, limited, or insular climates; tc, with slight yearly and 
diurnal variations. 

- (b) Extreme, excessive, or continental; t¢., with great variations. 

The terms limited and extreme might be applied to the amplitude of tho 
yearly fluctuation (i.¢., difference between hottest and coldest month, see 
Merzoroioay), while equable and excessive might be applied especially to 
the non-periodic variations, which are alight in some places, and extreme in 
others. : 

A limited climate is generally an equable one, and an extreme climate 
(with great yearly fluctuation) is generally an excessive one (with great. 
undulations). 

The effects of heat cannot be dissociated from the other conditions; it is 

, however, to briefly notice them. 

The effect of a certain degree of temperature on the vital processes of a race 
dwelling generation after generation on the same spot, is a question which has 
as yet received no sort of answer. Does the amount of heat per oe, in- 
dependent of food and all other conditions, affect the development of 
mechanical force and temperature, and the coincident various proceases of 
formation and destruction of the tissues? Is there a difference in these 
respecta, and in the resulting action of the eliminating organs, in the inhabi- 
tants of the equator and of 50° or 60° N, lat.? This is entirely a problem for 
the future, but there is no class of men who have more opportunities of 
studying it than the army surgeons. 

The problem of the influence of temperature is generally presented to us 
under the form of a dweller in a temperate zone proceeding to countries either 
colder or hotter than his own. It is in this restricted sense I shall now con- 
sider it, 

With regard to the effect on the Anglo-Saxon and Celtic races of going to 
live in a climate with a lower mean temperature and greater variations than 
their own, we have the experience of Canada, Nova Scotia, and some parte of 
the Northern American States, In all these, if a and plentiful, 
health is not caly sustained, Dot fe. pethaps Haprovad. agricultural and 
out-door life of Canada or Nova Scotia is probably the cause of this; . but 
certain it is that in those countries the European anion og a faba but 
produces a progeny as vigorous, if not more ao, than that of 

sting to exigin; maths eat or Eno dives rage of the oun, eet acy 

poor to origin ; | or the direct rays sun, and non- 
ent ‘eat the In the ité 


. latter case, 
heat there is more or lees rarefaction of the air, and also coincident conditions 
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humidity and movement of the air, which must be taken into aceounh 
influence, again, of sudden transitions from heat to cold, 

to be considered. The Europeans from temperate climates flourish, 

y, in countries not much hotter than their own, a6 in some parts of 

to 
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whether the vigour of the race will improve or otherwise. But 
is a general impression that they do not flourish in countries much 
hotter, ¢.c., with a yearly mean of 20° Fehr. higher, as in many parts of ' 
India ; ‘that the race dwindles, and finally dies out; and therefore that no 
scolimatisation of race occurs, And certainly it would appear that, in Indi 
there is some evidence to show that the pure race, if not intermixed with the 
native, does not reach beyond the third generation. Yet it seems only right 
to say that so many circumstances besides heat and the other elements of climate 
have been acting on the English race in India, that any conclusion to 
acclimatisation must be considered as based on scanty evidence. We have 
not gauged ona large scale the effects of climate pure and simple, uncom- 
licated with malaria, bad diet, and other influences adverse to health and 
ongevity.* 

‘) Influence of the Direct Raye of the Sun—It is not yet known to 
what temperature the direct rays of the tropical sun can raise any object on 
which thoy fall. In India, on the ground, the uncovered thermometer will 
mark 160°, and perhaps 212° ge and in this country, if the movement 
of air is stopped in a small st heat in the direct sun’s rays can be 
raised to the same point. In a hermetically sealed box, with a glass 
top, Sir H. James found the thermometer mark 237° Fahr., when exposed 
to the rays of the sun, on the 14th July 1864. In experiments on 
frogs, when temperature much over the natural amount is applied to 
nerves, the electrical currents through them are lessened, and at last stop.t 
E. H. Weber's observations show that for men the same rule holds : 
the most favourable temperature is 30° R (= 99°°5 Fahr.).t It appears alao 
from erg tre ria erat Avail heat . oa ee of pont Vertebrata must 
not ex : ., for at t perature the myosin begins to coagulate, 
(Ludwig, Lehrd. der Phys., band it. p. 752.)§ Perhaps this fact may be con- 
nected with the pathological indication that a very high temperature in any 
diseass (over 110° Fahr.) indicates the extremest danger. : 

To what temperature is the skin of the head and neck raised ih the tropics 
in the sun's rays? No sufficient experiments have, I believe, been made, 
either on this point or on the heat in the interior of caps and hats with and 
without ventilation. Doubtless, without ventilation, the heat above the head 
in the interior of the cap is very great, It is quite possible, as usually 
gusumed, that with bad head dresses the heat of the akin, bones, and posaibly 
even of the deep nerves and centres (the brain and cord), may be greater than 
cosine gah i patho pao Face gh paella 
ned cary temperature blood, or wi proper fluidity of some of thc 
albuminous bodies in the muscles, or nerves. 

The difficulty of ope ir pens ape of the solar rays is not onk 
caused by the absence of a sufficient number of experiments, but by the com. 
mon presence of other conditions, such as a hot, rarefied, and perhaps impyne 
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extveme rarity of sunstroke in mid ocean,* and at great elevations} Ta be 
effect of the sun's raya, per se, is not less, is even greater, than on 


ith, 
to be affected, and on the whole it seems probable that a physiological effect 
adverse to perspiration is produced by the direct rays of the sun. If so, and 
if thie is carried to a certain point, the heat of the body must rise, and suppos- 
ing the same conditions to continue (intense radiant heat and want of perspire- 
ta may pase beyond the limit of the temperature of possible life (118° 


ry 

The effect of intense radiant heat on the respiration and heart is another 
point of great moment which needs investigation. 

The pathological effect produced by the too intense direct rays of the sun is 
seen in one or two formes of insolation, and consists in paralysis of the heart 
or the respiration (see PREVENTION OF Disks). 

A form of fever (the Causus of some writers, or thermic fever) has been 
supposed to be caused by the direct rays of the aun combined with exceasive 
exertion. I have seen a case of this kind which corresponded closely to the 
description in books. The fever lasted for several daya, and its type was not 
in accordance with the hypothesis that it was malarious fever, or febricula, or 
typhoid. No thermometric observations were made on the patient. 

(6) Heat in Shade.—The effect of high air ving songs on the native of a 
temperate climate passing into the tropics has not very wall determined, 
and some of the conclusions are drawn from experiments on animals exposed 
to an artificial temperature. 

1. The temperature of the body doea not rise greatly--not more than ‘5 or 
1° Fahr. (John Davy); from 1° to 24° and 3° (Eydaux and Brown Séquard), 
In some experimenis not yet published, Dr Becher determined his own tam- 
perature in a very careful way during a voyage round the a oe to India. He 
found the body-beat increased, and in the proportion of 0°05 Fahr. for every 
increase of 1° Fahr. in the air. Rattray also found a decided increase, varying 
from 0°'2 Fabr. to 1°-2 Fabr.; the greatest increase was in tho afternoon. 
‘We may conclude that the tropical heat raises the temperature of the body of 
& new-comer, probably because the evaporation from the skin is not capable of 
counterbalancing the great additional external heat, but it is not yet known 
that in old residents the same fact holds good. The temperature of the body 
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at 
pane internal heat. So beautifully is this balance pregerved, that the 
ility of the animal temperature in all countries has alwayS been a subject 
of marvel. If anything, however, prevents this eva .tadiation, and 
the cooling effect of moving wind cannot cool the body sufficiently in the 
yo re no doubt, the temperature of the body rises, especially if in 
ition there is muscular exertion and production of heat from that canse, 
The extreme discomfort alwaye attending abnormal heat of body then com- 
meaces, In experiments in ovens, Blagden and Fordyce bore a temperature 
of 360° with a small rise of temperature (24° Fahr.), but the air was dry, and 
the heat of their bodies was reduced by perspiration; when the air in ovens 
is very moist and evaporation is hindered, the temperature of the body rises 
‘ + 


2. The respirations are lessened in number (Vierordt, py in animals 
eubjected to heat. According to Vierordt, less carbonic acid bly 
leas water are eliminated. Rattrayt bas proved by a great number of 
observations that thc number of respirations is lessened in persons passing 
from a cold to a hot climate. The amount of diminution varies; in some 
experiments the fall was from 16°5 respirations per minute in England, in 
winter, to 12°74 and 13°74 in the tropics. In another series of experiments 
the fall was from 17°3 respirations per minute to 16°1; the breathing is also 
gentler, z.¢., less deep. Rattray has also shown that the spirometric measure- 
ment of the expired air (“‘vital capacity of Hutchinson”) increases in the 
tropics and falls in temperate climates, the average variation being about 8-7 
per cent. of the total spirometric measurement.{ This will hold good at all 
ages, but is less at either extreme of life, and is most marked in persons of 
largest frame and most full blooded. The explanation of this spirometric 
increase in the respiratory action of the lungs, as compared with the lessencd 
number of inspirations, is to be found, according to Rattray, in a lessened 
proportion of blood and a large proportion of air in the lungs in the tropics, 
and this is borne out by a fact presently to be noted, of the lessened weight 
of the lungs in Europeans in the tropics. 
The effect of the lessened number of respirations is (in spite of the 
apirometric increase) to reduce the total respiratory action considerably. 
tray has shown that the average amount is in the temperate zone 
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* It rises even 7° to 8° Fabr, (Ludwig, Lehrb. der Phys., 2d edit. b. ji. p. 730.) Obernier's 
late observations are confirmatory (Der, Hitsschlag, Bonn, 1867). Qhbernier confirms the patho- 
received in this country. From an observation of four cases of sunstroke, and. 

animals oat to artificial heat, he traces all the effects to 

augmented temperature of the body, which cannot cool by evaporation from the surface 
and lungs as usual, He puts down as necessary conditions, a high external temperature, inter- 
nal conditions, as of ge bg | er pom which augment bodily heat, and the absence of water. 
y ma a 
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He does not, however, den there may be also a direct alteration of the nervous tissue 
by the heat. He noticed in two cases in men geome amount of urea in the blood, but he did not 
find thisinanimals. H¢ distinguishes two forms of sunstroke: asthenic, where the elevation of 
the temperature of the body brings on early collapes ; and sth iG, where the bodily temperature 
attains a great height, and then suddenly the attack comes on with more or less reaction. In 

one case cok Fa rg face and # copious sweating and cold skin (this is the heat asphyzia of 
nome authors); in the other there is the red face, the eyes, the sobbing, brea i 


gon delirium, &e. Dr H. GW un., of (Thermic Fever - 
attoke, 1872), also holds that the « ao aunstroke is the excess of hihlbelcaie 
and he a the view that the rigidity of the ee lation of the muscle- 
plasma, occura at 115° Fahr., a of heat attained tn ; and be 
qousiders the cases of sudden cardiac s in India may be to this coagulation of 
; tha the nerve centres are aa persiloanl by 
becomes comatose when the temperature of the brain rises to 10", 
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(tem. «54° -Febr.), 239-01 cubic inches per misiute, while in the tepics 
oka Feb. Jaweky 195°69 cubic inches were inspired, so that there is 
i of 88°65 cubic feet in twenty-four hours, or 18°43 per cent. in 
favour of a temperate climate. If 10 ounces of carbon are expired in the 
temperate zone, only 8-157 ounces would be expired in the tropics, Is there 
then greater excretion of carbon from the skin, or, as used to be supposed, 
from the liver ? = : 2, 

Dr Francis | Army) has lately observed that the | are lighter 
after death in in India than the European stan I made.s 
similar observation many years ago, and recorded it in a work on choleta* 
but had not sufficient facts to enable me to be quite certain. If this atate- 
ment be confirmed, it would show a diminished respiratory function, and 
would accord with Rattray’s observations, - 

3. The heart's action has been usually stated to be quickened in the tropics, 
but Rattray’s numerous observations show that this is incorrect; the average 
pulse in the tropics was lower by 24 beats per ‘minute than in the temperate 
zone. In experiments on animals, moderate heat does not quicken the hoa 
but great heat does. 

4, The digestive powers are somewhat lessened, there is leas appetite, lesa 
desire for animal food, and more wish for cool fruit. The quantity of bile 
secreted by the liver is not increased, if the stools are to be taken as a guide 
(Marshall, in 1819, John Davy, Morehead, author), though Lawson beliaves 
that an excess of colouring matter passes out with the stools; nothing is 
known of the condition of the usual liver work. 

5. The skin acts much more than usual (an increase of 24 per cent. accords 
ing to Rattray), and great local hyperemia and swelling of the papille occur 
in new comers, giving rise to the familiar eruption known as “ prickly heat.” 
In process of time, if exposed to great heat, the skin suffers apparently in its 
structure, becoming of a slight yellowish colour from, probably, pigmentary 
deposits in the deep layers of the cuticle, 

6. The urine is lessened in quantity. The urea is lessened, as shown by 
experiments in hot seasons at home and during voyages (Dr Forbes Watson 
and Dr Becher).t It is probable that this is simply from lessened food. 
The pigment has been supposed to be increased (Lawson), but this is doubt- 
ful. e chloride of sodium is lessened ; the amount of uric and phosphoric 
acids is uncertain. 

7. The effect on the nervous system is generally considered as depreasing 
and exhausting, #2, there is leas general vigour of mind and body. But it 
is undoubted that the greatest exertions both of mind and body have been 
made by E in hot climates. Robert Jackson thought as much work 
could be got of men in hot as in temperate climates. It is probable that the 
depressing effects of heat are most felt when it is combined with great 
humidity of the atmosphere, so that evaporation from the akin, and consequent 
leseetiing of bodily heat, is partly or totally arrested. 

* On Algide Cholera, by E. A. Parkes, M.D., p. 14 (1867), 
oi Sacra apa ie mer Boe 
experiments), the evlida of the urine and the area leesaned, cousiderioly.- Precedings af the 








conclusive on these points, and show the beneficial influence of cold on youths 
belonging to races long resident in temperate climates. 

On the whole, even when sufficient perspiration keeps the body temperature 
within the limits of health, the effect of great heat in shade seems to be, as 
far as we can judge, a depressing influence lessening the nervous activity, 
the great functions of digestion, respiration, sanguification, and direct Leyring Heol 
indirectly the formation and destruction of tissues. Whether this is the 
alone, or heat and lessened oxygen, and great humidity, is not certain. 

So bad have been the general and personal hygienic conditions of Europeans 
in India, that it is ‘saposaible to say what amount of the great mortality in 
that country is due to excess of heat over the temperature of Europe. Nor 
is it possible to determine the influence of heat alone on the endemic diseases 
of Europeans in the tropica—liver disease and dysentery. There is, perhaps, 
after all, little immediate connection between sale and liver disease. 

Rapid Changes of Temperature.—The exact physiological effects have not 
yet been traced out; and these sudden vicissitudes are often met by altered 
clothing, or other means of varying the temperature of the body. The greatest 
influence of rapid changes of temperature appears to occur when the state of 
pcp ted in aera ii sar alsa with or cab bared gion Thus, the 
sudden checking of the pro perspiration by a cold win uces catarrhs, 
inflammations, and neuralgia. I have been astonished, however, to find how 
well even phthisical persons will bear great changes of tem if they 
are not exposed to moving currents of air ; and there can be little doubt that 
the wonderful balance of the system is soon readjusted. 
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HUMIDITY. 


According to their degree of humidity climates are divided into moist and 
dry. Professor Tyndall's observations have shown how greatly the humidity 
of the air influences climate, by the passage af heat from the earth. 
fs torus te ty fs eon, effect of moist air is exerted on the 
olde Dainty tion from the crepe apg and therefore the degree of dryness or 

of an atmosphere should be ex in terms of the relative (and 
not of the absolute) humidity, and should always be taken in connection with 
the temperature, movement, and density of the air, if this latter varies much 
from that 0 of sea-level. The evaporating power of an atmosphere which con, 
tains 75 per cent, of saturation is very different, according as the 
of the air is 40° or 80°, As the temperature rises, the evaporative power in- 
creases faster than the rise in the thermometer. 

There is a general opinion that an atmosphere which permits free, without 
excessive, evaporation is the best; but there are few precise experimenta 

The most agreeable amount of humidity to most healthy people is when the 
relative humidity is between 70 to 80 per cent. In chronic lung diseases, 
however, a very moist air is generally most agreeable, and allays cough, The 
ris a from the lungs produced by a dry atmosphere appears to irritate 

em. 

The moist hot siroccos, which are almost saturated with water, aro felt as 
oppressive by man and beast; and this can hardly be from any other cause 
— the check to evaporation, and the consequent rise in the temperature of 

© body. 

It is not yet known what rate of evaporation is the most goa ee 
sive evaporation, such as may be produced by a dry sirocco, is we home by by 
some persons, but not by all. Probably, in some cases, the physiological 
— of repiration comes into play, and the nerves and vessels of the skin 
; and in this way perspiration ischecked. We can hardly account, 
in pa other way, for the fact, that in some persons, the dry sirocco, or dry 
hot land wind, produces harshness and dryness of the skin, and 
malaise, which possibly (though there is yet no thermometric proof) may be 
caused by a rise of temperature of the body. 

From the experiments of Lehmann on pigeons and rabbits, it appears that 
randinir eae acid is exhaled from the lungs in a very moist than in a dry 

The pathological effects of ret bumidi are intimately aaa 
ern ware ay nigger eins ma humidity are borne, on ualirhee who 
more easily cold and reat hacuitiey Yet, in both <page .* 
te power of edapiation ote bod, at often no harm 

‘The spread of cerfain diseases is mappoued to be intims raed ham 
of the air. ou tees ce argon 
spread uniess the humidity approaches saturation. nip 
both checked by a very dry atmosphere. tha cancun o! babe plague in 
Upper Egypt, after ‘Bt John’s Day, has been considered to be more owing to 
the dryness than to the heat of the sir. 

In the dry Harmattan wind, on the west cosst of Africa, smallpox cannot 
be inoculated ; and it it is well known with what Goce tee is kept op 


peadent aricigrspdidioulgelees Alirye wohipatnt da Arey freanclne 
ab Li hich has relation to the dew-point. 
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SECTION IIT. 


waite MOVEMENT OF AIR. tes 
~~, Pais isa very important climatic condition. The effect on the body is 
twofold. A cold wind abstracts heat, and in proportion to its velocity; hot 
wind carries away little heat by direct abstraction, but, if dry, increases 
tion, and in that way msy in part counteract ite own heating power. 
Both, probably, act on the structure of the nerves of the skin, and on the 
contractility of the cutaneous vessels, and may thus influence the rate of 
evaporation, and possibly affect also other organs. 
amount of the cooling effect of moving bodies of air is not easy to 
determine, as it depends on three factors, viz, the velocity of movement, the 
temperature, and the humidity of the air. The effect of movement is very 
great. Ina still atmosphere an extremely warm temperature is borne without 
difficulty. In the Arctic expeditions still air many degrees below zero of 
, caused no discomfort. But any movement of such cold air at once 
chills the frame. It has been asserted that some of the hot and very dry 
desert winds will, in spite of their warmth, chill the body; and if so, it can 
acarcely be from any other reason than the enormous evaporation they cause 
from the skin. It is very desirable, however, that this observation should be 
repeated, with careful thermometrical observations on the body and surface, 


SECTION IV. 
WEIGHT OF THE AIR. 


I ahall not here enter into the question, whether the slight changes in the 
— of the atmosphere, which occur at any one spot, have any effect on 
ealth, or any influence on disease. 


Liffects of Oonsiderable Lessening of Pressure, 

‘When the differences of pressure between two places is considerable, a 
marked effect is produced, and there seems no doubt that the influence of 
mountain localities is destined to be of great importance in therapeutics, It 
is of peculiar interest to the army surgeon, as so many regiments in the 
tropics are, or will be, quartered at considerable elevations. 

In ascending mountains there Ys rarefaction, ¢.e., lessened pressure of air; 
on an average (if the weight of the air at sea-level is 14 tb on every square 
inch) an ascent of 900 feet takes off 3; but this varies with height (see 
Mzasvnement or Huicxts) ; there are also lowered temperature, and lessened 
moisture above 4000 feet, greater movement of the air, increased amount of 

ight, greater sun radiation, if clouds are abeent. The air is freer from germs 
f infusoria, Owing to the rarefaction of the air and lessened watery vapour, 
a ee ee the soil is rapidly heated, but 
radistes also fast, as the heat is not eo much held back by vapour in the air, 
hence there is very great cooling of the ground and the sir close to it at 


a ological effects of lessened pressure begin to be perceptible at 
$800 or 3000 eet of altitude (descent of 24 to 3 inches of mercury); 
they az quickened pulec* (fifteen to twenty beats per minut); quickened 

Batléoon asctnts-- and Gay-Lassac =incrvase of 18 to-90 beats of the palee* 
ae Wake ‘Gialeher, eye st17,000 = ” 1Ote 26 ~ | 
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respiration (inoresse==ten to fifteen respirations per minute), with lessened 
apirometric capacity,* increased evaporation fons akin and lnk lessened 
urinary water.f At great heights there is increased pressure of the gases in 
the body against the containing parte; debi ing of superficial vessels, and 
occasionally bleeding from the nose or lungs. A sensation of weight is felt 
in the limbs from the lessened pressure on the joints. At altitudes under 
6000 or 7000 feet the effect of mountain air (which. is, perhaps, not owing 
solely to lessened i but also, possibly, to increased light and pleasur. 
able excitement of the senses) is to cause a very marked improvement in 

igestion, sanguification, and in nervous and muscular vigour.} It is inferred 
that tissue change is accelerated, but nothing definite is known. 

The rapid evaporation at elevated positions is certainly a most important 
element of mountain hygiene. At Puebla and at Mexico the ee of 
Saussure will often mark 37°,‘which is equal to only 45 per cent. of aaturation 
(Jourdanet, ‘““Du Mexique,” p. 49), and yet the lower rooms of the houses 
are very humid, so that, in the town of Mexico, there are really two climates,—~ 
one very moist, in the rez-de-chaussée of the houses; one very dry, in the 
upper rooms and the outside. air. 

The diminution of oxygen, in a certain cubic space, ia precisely as the 
pressure, and can be calculated for any height, if the barometer is noted. 
Taking‘dry air only, a cubic foot of airat 30 inches, and at 32° Fahr., contains 
130°4 grains of oxygen. An ascent (about 5000 feet) which reduces the 
barometer to 25 inches will lessen this 3th, or ee nae : -) 1086 grains, 


But it is supposed that the increased number of respirations compensate, or 
more #0, for thia; and, in addition, it must be remembered that in experi- 
ments on animals, as long as the percentage of oxygen did not sink below a 
certain point (14 per cent.),as much was absorbed into the blood as when the 
oxygen was in normal proportion. Jourdanet has indeed asserted (“Da 
Mexique,” p. 76) that the usual notion that the respirations are augmented in 
number in the inhabitants of high lands is “completely erroneous ;” that the 
respirations are in fact lessened, and that from time to time a deeper respire- 
tion is voluntarily made as a partial compensation. But Coindet, from 1500 
observations on French and Mexicans, does not confirm this; the mean 
number of respirations was 19°36 per minute for the French, and 20'297 for 
the Mexicans. 

As a curative agent, mountain air (that is, the consequences of lessened 
pressure chiefly) ranks very high in all anwmic affections from whatever cause 
(malaria, hemorrhage, digestive feeblencas, even lead and mercury poison- 
ing); and it would appear, from Hermann Weber's observationa, that the 
existence of valvular heart disease is, if proper rules are observed, no contra- 
indication against the lower elevations (2000 to 3000 fect). Neuralgia, gout, 
and rheumatism are all benefited by high Alpine positions (H. ‘Weber). 
Scrofula and consumption have been long known to be rare ‘imong the 
dwellers on high lands, and the curative effect on these diseases of such places 
is also marked ; but it is possible that the open air life which is led has an 





the elevation. These are safer numbers than those 
obtained in. mountain escenta, as there ia no physical exertion. In mountain elimbing the 
at Ascension) lessened the “vital capacity.” as 
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- De Horatann Weber, in his important work on the Swiss Alpe (p. 22), has 
| , theca elpeery Pee has shown how in the true Alpine regioh—in 
' ‘in Pera and Mexico, and in Germany—phthisis is decidedly 
éverted or prevented by high altitudes. ; : oe 
- om the Alps phthisis is arrested in strangers, in many places the 
Sewiew women on the lower heights suffer greatly from it; the cause is 8 soctal 
one; the women employed in making embroidery congregate all day in emall, 
i low rooms, where they are often obliged to be in a constrained 
position ; their food is poor in quality. Scrofula is verycommon. The men 
who live an open sir life are exempt; therefore, in the very place where 
strangers are getting well of phthisis the natives die from it—another instance 
that we must look to local conditions and social habite for the great cause of 
phthisis, It would even seem possible that, after all, it is not indeed elevation 
and rarefaction of air, but simply plenty of fresh air and exercise, which are 
the great agents in the cure of phthisis. , 

Jourdanet, who differs from so much that is commonly accepted on this 

int, gives additional evidence on the effect of elevation on phthisis. At 

era Cruz phthisis is common; at Puebla and on the Mexican heighta, it is 
almost absent (4 peu pros nulle). 

The diseases for which mountain sir is least useful are—rheumatiam, at the 
lower elevations where the air is moist ; above this rheumatism is improved ; 
and chroni¢ inflammatory affections of the respiratory organs (1). The 
“mountain asthma ” appears, however, from Weber's observations, to be no 
— disease, but to be common pulmonary emphysema following chronic 

ronchitis. 

It seems likely that pneumonia, pleurisy, and acute bronchitis, are more 
common in higher Alpine regions thun lower down. 

Effects of increased Pressure.—The effects of increased pressure have been 
noticed in persons working im diving-bella, &c., or in those submitted to 
treatment by compressed air. er Lyons and at Reichenhall ¢ especially.) 
When the pressure is inc to from 1} to 2 atmospheres, the pulse 
becomes slower, though this varies in individual cases; the mean lessening 
ie 10 beatae per minute; the respirations are slightly lessened (1 per minute) ; 
evaporation from the skin and lungs is said to be lessened (?); there is soma 
recession of blood from the peripheral parte; there is a little ringing and 
sometimes pain in the ears; hearing is more acute; the urine is increased in 

uantity ; appetite is increased ; it is said men will work more vigorously, 
When the pressure is much greater (two or three atmospheres) the effecta are 
sometimes very marked; great lowering of the pulse, heaviness, headache, 
and. sometimes, it is said, deafness. Itis said} that more oxygen is absorbed, 
and that the venous blood is as ved as the arterial; the skin aleo sometimes 
acts more, Wad there may even be sweating. The main effect is to lessen. the 
quantity. of blood in the yeine and auricles, and to increase it in the arteries 
and ‘ventricles ; the filling of the ventricle during the relaxation. takes ‘place 
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more slowly, - The disstolit interval is lengthened, and the pulse is therefor 


siower. 

heomorthages and occasional nervous affectiona, which may be from cerebral 

a ee As « curative agent in phthisis, the evidence is un- 
avourable. : 

Some observations lately made by M. Bertt show that oxygen, when it 
enters the blood under pressure (such as that given by 17 atmospheres of 
atmospheric air, or 84 atmospheres of pure oxygen), is toxic to birda, produ- 
cing convulsions. Convulsions are produced in dogs when the ure is 
only 7 or 8 atmospheres, and when the oxygen amounts to only double the 
normal amount, or, in other words, reaches 32 C.C. per 100 C.C. of blood. 
M. Bert conjectures that the toxic influence of oxygen is on the nervous 
centres, like strychnine. The animal temperature fell 2 or 3 degrees (C.) 
during the convulsions, so that excess of oxygen did not cause increased com- 
bustion. In the case of a dog kept under a pressure of 93 atmospheres for 
some time, gas was found in the ventral cavity and im the areolar tiseue. In 
man the pressure of only 5 atmospheres appears to be dangerous. { 


Is Acclimatisation possible % 


The doctrine of acclimatisation has been much debated, but ores we 
do not know sufficiently the physiological conditions of the body under 
different circumstances. In the case of Europeans living till puberty in a 
temperate region, near the sea-level, and in a moist climate like England, and 
then going to the tropica, the question of acclimatization would be put in this 
form,—Does the body accommodate itself to greater heat, to lessened humidity 
in some cases, or greater in others, and to varying altitudes ? 

There can be little doubt that the body does accommodate iteclf within 
certain limite to greater heat, as we have seen that the lungs act lesa, the skin 
more, and that the circulation lessens when Englishmen pass into the tropics. 
There is so far an accommodation or alteration impressed on the functions of 
the body by unwonted heat. And we may believe that this effect is 
permanent, i.¢., that the lungs continue to act leas, and the akin more, as long 
as the Europeans remain in the tropics. Doubtless, if the race were parpetu- 
ated in the tropics, succeeding generations would show fixed alterations in 
these organs. 

We ny cons that pagent reba irr ety ee ee 
perate regions will influence natives tropics in an opposite way, an 
this sseme to be rendered likely by the way in which lung affections arise in 
es Recliner : 

@ may admit there is an acelimatieation in this sense, but in no other. 
The usual belief that the prerN cape ata be ta aero 
ing unhealthy influences—that is,a power of not bei  suncepti 
4g theese it cxporied, a far as Lean aus, by any ovidenca The lunge 
in Europeans will act regain their weight and amount of action in the tropics ; 
a change to a cold climate only will canse this; the skin retains itd increased 
fanction until the cause producing it is removed. So also there is no 
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soclimatization in any sense of the word for malaria. It would seers desirable 
to discontinue the use of a term which has had several meanings, and to 
replace Acclimstisation by the word Accommodation. a 


SECTION V. 


COMPOSITION OF THE AIR. 


- The proportionate amounts of oxygen and nitrogen remain very constant in 
ali countries, and the range of variation is not great. 

So also, apart from the habitations of men, the amount of carbonic acid is 
i elevations occupied by mon) constant. The variations in watery vapour 

ve been already noticed. 

The only alterations in the composition of the air which come under the 
head of climate, are changes in the state in which oxygen exists (for no change 
is known to occur in nitrogen), and the presence of impurities. 


Sua-Sscrios L—Ozonu. 


Ozone is now admitted by most chemists to be an allotropic condition of 
oxygen; and, as conjectured by Odling, it is now believed that it is a com- 
pound molecule made up of three molecules (0,0) of oxygen. The so-called 
antozone is now believed to be peroxide of hydrogen diffused in s large quan- 
tity of atmospheric air. Variations in the amount of ozone have been sup- 

sed to be a cause of climatic difference, but, in spite of all the labour which 

as been given to this subject, the evidence is very unconclusive. The reac- 
tion with the ozone paper is liable to great fallacies* (see MrrzoroLocy). 
Yet itseems clear that some points are made out ; the ozonic reaction is greater 
in pure than impure air; greater at the sea-side than in the interior; greater 
in mountain air than in the plains; absent in the centre of large towns, yet 
present in the suburbs; absent in an hospital ward, yet present in the air 
outside. In this country it is greater with south and weat, winds; greater, 
according to Moffat, when the mean daily temperature and the dew-point tem- 
perature are above the mean ; the same observer found it in increased quantity 
with decreasing readings of the barometer, and conversely in lessened quantity 
with increasing 

The imperfections in the test render it desirable to avoid drawing conclu- 
sions at present ; but one or two paints must be adverted to, 

1. Owing probably to the oxidising power of ozone when prepared im the 
laboratory, a great power of destruction of organic matter floating in the air 
has been ascribed to ozone by Schinbein, and the absence of ozone in the air 
has been attributed by others to the amount of organic matter in the air of 
towns, Even the cessation of epidemics (of cholera, malarious fevers) has 
been ascribed to currents of air bringing ozone with them. The accumula- 





* The subject of ozone will be found fully discussed. by De C. Fox (Ozone and Amtosone, 
1873). The causes of fallacy in the teste are carefully ex Ml Admitting the uncertainties 
of the subject, oulting whether none bas been shown to play any part siding or avert. 

‘epidemic Dr Fox yet concludes that ozone is an agent of great fn 
nabare; that it. decomposes some of the offensive products of putrefaction ; and, as it exists 
nator i of osone contri. 
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Scr aiut team od meueiee nt wes 
the sun's rays ( effect of stagnant air in increasing epidemics 
alse been istaiiiad te the ghastes of cndan: | 
It seems olear that the substance giving the reaction ef ozone is neither. 
deficient in marshy districts, nor when ozoneis conducted through marsh dew 
does it destroy the organic matter.* Is there any experimental proof that it. 
acte on the organic impurities of respiration $ I have been able to find none 
recorded, except the fact already noticed, that the reaction is least in impure 
ais | 


2. On account of the irritating effect of ozone, when rising from an 
electrode, Schénbein believed it had the power of causing catarrh, and inferred 
that epidemics of influenza might be produced by it. He attempted to 
adduce evidence, but at present it may safely be said that there is no proof 
af such an origin of epidemic catarrhs. 

$. A popular opinion is, that a climate in which there is much ozone (4.¢., 
of the substance giving the reaction with iodide and starch paper) is a healthy, 
and, to use a common phrase, an exciting one. The coincidence of excess of 
this reaction with pure air lends some support to this, but, like the former 
opinions, it still wants a sufficient experimental basis. 

On the whole, the subject of the presence and effects of ozone, curious and 
interesting as it is, is very uncertain at present; experiments must be 
numerous, and inferences drawn from them must be received with caution. 


Sup-Sgorion I.—Maaria. 


The most important organic impurity of the atmosphere is malaria (for Air 
of Marshes, see page 111), and when aclimate is called “ unhealthy,” in many 
cases it is simply meant that it is malarious. In the chapters on Sos and 
Am the most important hygienic facts connected with malaria have been 
noted. In this place it only remains to note one or two of the climatic pointe 
associated with malaria. 

1, Vertical Ascent.—A marsh or malarious tract of country existing at any 
point, what altitude gives immunity from the malaria, supposing there is no 
drifting up ravines? It is well known that even a alight elevation lessens 
danger—a few feet even, in many cases, but complete page| is only obtained 
at greater heights. Low elevations of 200 to 300 feet are often, indeed, more 

arious than lower lands, as if the malaria chiefly floated up. 

At present the elevation of perfect security in different parts of the world 
is not certainly determined, but appears to be— 


Italy, . . «© « 400 to 500 feet.+ 

America (Appalachia), . » 8000 ,, 

Californian} . «te ‘ a 

India, . . . . 2000to 3000 ,, 

Weat Indies, - «+ 1400 ,, 1800 up to 2200 feet. 


But these numbers are so far’ uncertain that it has not always been seen 
that the question is not, whether marahes can exist at these ions (we 
know they can be active at 6000 feet), but whether the emanations from a 





* In addition to what has been previously sald (p, 112), Grellois hes lately stated that he 
found more oxone a marsh than eleswhere. An interssting series of observations on ozone 
in the Bombay Presidency hae been made by Dr Cook, and, if continued, will probably. give us 
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marsh will aseoud that without drifting up ravinest T cannot help 
v8 


Ber tg give security. | 
Horizontal Spread.—In a calm ait Levy* haa supposed that the malaria. 
will spread until it ocoupies 2 cube of 1400 to 2000 fest, which is equivalent 
to asying it will spread 700 to 1000 fect horizontally from the central point 
of the marsh. But currents of air take it great distances, though the best 
observations show that these distances are lees than were su and seldom 
overpass one or two miles, unless the aircurrente are rapid and strong. The 
— limits are unknown, but it is very doubtful if the belief in trans- 
erence of malaria by air-currents for 10, 20, or even 100 miles, is correct. 

' §. Spread over Water.—The few precise observations show that this differs 
in different countries, In the Channel, between Beveland and Walcheren, 
3000 feet of water stopped it (Blane). In China and the West Indies « 
farther distance is necessary. In China three-quarters of a niile has been 
effectual ;¢ in the West Indies one mile. Grant thinks salt water more 
efficacious than fresh. 


BECTION VL 


ELECTRICAL CONDITION—LIGHT. 


That these, as well as heat, are important parts of that complex agency we 
call Climate, seems clear; but little can be said on the point. In hot 
countries positive electricity is more abundant; but the effect of its amount 
and variation on health and on the spread and intensity of diseases is quite 
unknown. All that has been ascribed to it is pure speculation. The only 
certain fact seems to me that the spread of cholera is not influenced by it. 

With regard to light, the physiological doctrine of the necessity of light for 
growth and perfect nutrition makes us feel sure that this is an important 
part of climate, but no positive facts are known. 


Ope reene-cos 





* T.i. p. 464. 
+ Grant (quoted by Chevers), Indian Annals, 1859, p. 686. 


CHAPTER XV. 


DESCRIPTION OF THE METEOROLOGICAL INSTRUMENTS, 
AND A FEW REMARKS ON METEOROLOGY. 


As meteorological observations are now so commonly made, and as in the 
army instruments are  ablatger at many stations, it is desirable to give a few 
career on the use of these instruments.* For the convenience of 
inners, also, I have made a few observations on Meteorology. 


* The following is the official circular issued by the Army Department :.— 
Offcial Instructions for Reading the Meteorological Instruments, 
The observer should make himself thoroughly veer i with the scale of every instrument, 


especially with that of the barometer and its attached vernier, and by frequent con ons 
avertain that he and his deputy read the instramenta alike, and record the theerretane aoa 


rately. . 

All cbesrvabions must he recorded exactly as read. The corrections are to be made only at 
the end of each month on the “ means” of the “sums.” 

cal observations must be recorded to the third decimal place; thermometrical to 

the first decimal. When the readings are exactly to the inch or degree, the places for the deci- 
mals must be filled up with ciphers. 

The observations should be made as quickly as possible, consistent with perfect chore 
and the observer must avoid breathing on the fhatevments, particularly the dry and wet bulb, 


end maximum meters. 
ings.—Note the temperature of attached thermometers in degrees anty ; 


means of the thumb-screw at the bottom adjust the mercury in the cistern to its proper leve 
i i without breaking the surface ; 


j mach the mercury 
then bring the sero line of the vernier to the level of the apex of colunimn of the mercnry, 
read off in the manner described at 15 and 16 of Sir H. Jamee’s Book of Instructions.* 
r Readings.—The scales are divided to degrees only, but these ure en that 
the readings can be determined to the tenth of « degree. ce and attention insure 


"Mazin Thermometer in Shade.—The maximum thermometer must de hung at such o 

distance (2 or 8 inches) from the water vessel of the wet-bulb thermomoter, that its readings 
not be affected by evaporation. 

tn banging the max , care must be taken that the end of the tube is slightly inclined 

lcwnwards, which will have the effect of assisting in ting the return of any portion of 

decrease are, To read the instrument, 





a 
the oolumn of into the bulb on a of = pies 
elevate the end furthest from the bulb to an angle of about 45°, in which position of the 
note the reading. To reset the , & gentle raphe Poa wie sg 


she wosaes Sens Xt he instrument, will cause the excess of mercury to return to the bulb, 


Maximum in Sun's Ray's, or theVacuum Solar Radiation Thermometer. — 

si cee inser giae Germans tr he i 

mara ed aacey etl wan & da te aat to eee D 
um Thormometer in Shade.—The minisnum thermometer muat be so hung that 

he Tang Sigh vay soared ep erly 9p Adina tae Mama this 

position the index is lees likely to be aflacted hy s rise in 
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| SECTION L | 
THERMOMETERS FOR TAKING THE TEMPERATURE OF THE AIR. 


Maximum Thermometers. 


__ Two maximum thermometers are issued—one to observe the greatest heat 
in the sun, the other in the shade, 

The Sun Maximum or “ Solar Radiation Thermometer" is formed by a 
glass case{from which the air is removed), containing a mercurial thermometer 
with a blackened bulb. The case shelters from currents of air ; the black 
bulb absorbs the sun's raya. The tube of the thermometer is slightly bent 
near the bulb, and a piece of porcelain is inserted which narrows the tube. 
The effect of this is to make the thermometer self-registering, aa, after the 
mercury has expanded to ite fullest extent, instead of retiring into the bulb 
on cooling, it is stopped by the porcelain, and the mercury breaks between 
the porcelain andthe bulb. The instrument is placed at a height of four feet 
from the ground on wooden supports, and in any place where the sun’s rays 


can freely fall on it. 
The Shade Maximum is a mercurial thermometer, not inclosed in a case but 


mounted ona frame. Its construction and manner of reading are otherwiee 
similar to those of the sun thermometer. 

It is placed in the shade four feet above the ground, and sufficiently far 
from any walls to be unaffected by radiation. It should be freely exposed to 
air, but perfectly protected from the sun’s raya, 


te 


After reading and re-setting the self-registering thermometers, com em with . 
bulb thermometer in order to ascertain Rie their readings are nearly the same, ma ary 

Dry and Wet- i tee ae eye on a level with the top of the mercury in 
the tube of the dry-bulb thermometer, and take the reading, then complete the observation by 
noting in like manner the re of the wet-bulb thermometer. 

The temperature of the sir is given by the former, that of evaporation by the latter. From 
these data the hygrometrical results are to be calculated by Glaisher’s Tab es, 3d edition. * 

Rain-Gauge and Measure.—Pour the contents of the gauge into any convenient vessel with 
a lip, and from this into the glass measure, which has been graduated especially for the gauge, 
o only to be used in measuring its contents, It is graduated to the hundredths of an 
inch, 

Anemometers—The dials are read from left to right. The first on the left records hund 
“ ery the second tens, the third miles, the tenths of a mile, and the fifth hundredths 
of a mile, ‘ . 

The reading of the anemometer is obtained by deducting from the amount registered 
i tal sum registered at the period of the observation. The vil be 
tween those (subject to a small co ) indicates the velocity or horizontal movement of the 
air tn miles during the intsryal, and oe ohn i Sipe Barat bide the instrament is 

up, the reading on the diais m noted, er t ma dedu from | 

total int by the dials at the end of the first period of observation. — _ 
In making observations on the presence of ovone, a box has been found to be 
equatly satisfactory results ha been obtained fixing the paper immediately under tive 
penthouse of the stand, which shelters it suffi y from @ strong light, while it secures 


Prybe malas oneriage iene 

nimam thermometers are liable to get out of order—~fi 

vibe, mia tberometas re ah to gut tof oder—At, by whan the inde 

from the main column; and, secondly, by slow ‘evaporation of the spirit, which in the 

tebe, condenses ot ae se end, are corrected by taking the ther. 

mometer in the hand, with ite bulb downwards, and giving it a swing up and down. ‘The 

wane rable Donk © the eae eeaition of the instrument, which allows the: condensed 

apirit to trickle back n column. 

AN. B,-—-OQa no account whatever is artificial heat to be to a spirit thermometer, 
teoupht gaits to teed fe 
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e-setting the infnimum, the index should never be 


} 





@ A dth ofition ta now published. | £1 Meee. ee 
+ it is generally necemary to swing the Inktrament to get beck the teuken partion of the columig, | .....:3- 
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Two minimum thermometers are 6 | 5 
Shade Mini. is an alogholic : t with o small index in the 


The. 
aloohol. It is set by ng the index nearly to the end of the spirit; as the 
spirit contracts during cold it carries the index down ; when it expands again 
it cannot move the index, but leaves it at the degree 2 ne cold, The 
. end of the index farthest from the bulb is the point to | 

This thermometer is — in the shade four feet above ground, under the 
same conditions as the former. 

The Grass Minimum or “ Terrestrial Radiation Thermometer" is a ther- 
mometer of the same kind, but protected by a glass shield. It is placed 
almoet close to the ground on grasa, suspended on little tripods of wood, but 
it should not touch the ground ; it is intended to indicate the amount of cvol- 
ing produced by radiation from the ground. If snow lies on the ground tho 
bulb should be placed in the snow. Scott (“ Instructions, &o.”) recommends 
a black board on which to lay the thermometer, in preference to grass,* 


Common Thermometer. 


The dry bulb of the “wet and dry bulb thermometer” is read as a common, 
thermometer. 


Reading of the Thermometers. 


All these thermometers can be read to tenths of a degree. The maximum 
and minimum thermometers are read once a day, usually at 9 am. ; the former 
marks the highest point reached on the previous afternoon, and must be so 
entered on return ; the latter, the lowest point reached on the same 
morning.f For the army returns the common thermometer ia read twice a 
day, at 9 ax. and 3 p.m. 

Range of the Temperature.—The maximum and minimum in shade give 
moet important climate indcations ; the difference between them on the sams 
day constitutes the range of the diurnal fluctuation, The range is expressed. 
in several ways. 

The extreme daily range in the month or year is the difference between the 
maximum and minimum thermometer on any one day. | 

The extremely monthly or annual range is the difference between the 
ier and least height in the mean of month or year, as compared with 
ano 

The mean monthly range is the daily ranges added and divided by the 
number of days in a month. 

The mean yearly range is the monthly ranges added and divided by 12. 
| Mean Temperature,—The mean temperature of the day is obtained in the 
following ways :— a 

-{a) At Greenwich and other observatories, where oo of photography 
aolbiggy of the thermometer at every moment of the day is registered, tho 
mean of the hourly readings is taken. This has bean found to accord with 
pry mean (found by taking the mean af the whole curve) to within 

B a v? 1 . . 
(6) Approximately in several ways. Taking the mean of the shade 
Ne aaa On nn emt ee Ta 

* difficulty rit thermometers on account 
sensitive thao ea hae y this the bulb is sotuetimes Dea ao Se roger t are 
wise modified 20 pode gr a a surface-as possible, 

WF nl rg op og pe gegen 
coe. In winter the range depetids more onthe whit thant on ‘the time tf dey (Scott), 
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maximum and minimum of the sane dsy. In this country, the cold 


months (December and January), the result is very close to the truth ; but as 
the temperature increases, a greater and errot is produced, until in 


July the mean monthly error is + 1°90 ,, and in some hot days is much 
greater. In the tropics, the mean of the maximum and minimum zust give 
a result still further from the truth. 

Monthly corrections can be applied to bring these means nearer the fruth. 
Mr Glaisher’s correction for this country is as follows :-— 

Subtract from the monthly mean of the maximum and minimum— 


January, 0-2 May, i-7 September, 13 
February, 0-4 June, 18 October, 190 
March, 1:0 July, 19 November, 0-4 
April, 1% August, 17 December, 0°0 


The result is the approximate mean temperature. But this is true only for 
this country.* 

In a great number of places the mean temperature of the day and year, as 
stated in booka, is derived solely from the mean of the maximum and 
minimum. According to Scott, the approximation to the true mean is very 
close in most parts of the world, especially if the observations be taken as 
near the end of the period as possible, near midnight, for instance, for the 
mean of the civil day of twenty-four hours. © 

The approximate mean temperature may also be obtained by taking 
observations at certain times during the day, and applying a correction. Mr 
poem a given some very valuable tables of this kind} which can be 
cons 

If the temperature be taken twice a day, at homonymous hours, such as 9 
a.M, and 9 p.m, the mean of these does not differ much from the true daily 
mean (Scott). 

The nearest approach to the mean temperature of the day by a pre-e 
observation is ie at from 8 to 9 p.m; the next isin the mornin 
8 o'clock in July and 10 in December and January. 

The nearest approach to the mean annual temperature is given by the 
mean of the month of October. Observations made from a week before toa 
week after the 24th April, and again in the corresponding weeks of October, 
give a certain approximation to the yearly mean temperature. (Herechel, 
** Meteorology,” Ae sind 

The changes in te ture of any place, ae day or year, are either 
periodic or non-peri odie. The former are dependent on day and night, and 
Sir Seen tah om tha yoaition of the place with respect to the aun. The 

ad Foe ee ere ce Me ceisaees One Neale oo et ee ee eee 
ey Oct Once ok spilled to 2 Meteorological Observations for Diurnal Range, ; 

by in Goel ofthe Beth Meterlogial Soe, 1850, These corrections ave apoio 
hee NOTING Tales, which axe applicable im all yerts of the world, are given ‘by Hers. 
Jbesrrations are P.M., and 9 P. 
“is wile Ml. 9 i hovers whieh we 
i A OO 
a ee een ee Stee ee 
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day and night or the temperatures of the hottest and 
coldest months, are often the amplitades of the daily or yearly finctus- 


The non-periodis changes are dependent chiefly on shifting winds, and may 
either augment or lessen the periodic c They are sometimes termed 
nadulations, The thermometer makes, of course, no distinction betweon 
these two causes of change, but the observer should distinguish them if 
possible. 

Daily Periodic Changes.—On land the temperature of the air is at its 
lowest about 3 o'clock a.u., or just before sunrise, and at its maximum about 
2 o'clock p.u.; it then falls nearly regularly to 8 o'clock a.m. At sea, the 
maximum is nearly an hour later. 

The amount of diurnal periodic change is greater on land than on water ; in 
the interior of continents than by the sea-side; in elevated districte than at 
sea-level. As far as land is concerned, it is least on the sea-coast of tropical 
islands, as at Kingston in Jamaica, Colombo in Ceylon, Singapore, &c. 

Yearly Periodic Changes.—In the northern hemisphere, the coldest month 
is usually January ; in some parte of Canada it is February. On the sea, the 
coldest month is later, viz., March. The hottest [month is in most places 
July, in some few August ; on the sea it is always August. The coldost days 
in this country are towards the 21st January ; the hottest, about the 18th to 
the 2ist July. At Toronto the hottest day is 37 days after the summer 
solstice ; and the coldest, 55 days after the winter solstice. 

It is thus seen that both for the diurnal and annual alterations of heat the 
greatest heat is not simultancous with, but is after, the culmination of the 
sun ; this is owing to the slow absorption of heat by the earth. 

The amplitude of the yearly fluctuation is greater on land than sea, and is 
augumented by land, so that it reaches its highest point in the interior of 
great extra-tropical continents, 

It increases towards the pole for three reasons, — 

1. The geographical fluctuation of the earth's position causes a great yearly 
difference of the angle with which the sun’s rays fall on the earth, 

‘ 9, The duration of incidence of the sun’s rays (i.¢., the number of hours of 
sunshine or shade) have greater yearly differences than in the tropics. 

8. In the northern hemisphere especially there is a very great extent of 
land, which increases radiation. 

The amplitude of the yearly fluctuation is very small in the tropical lands 
at sea-level. At Singapore, it is only 3°°6 Fahr. (Jan. 78°'8, July 82°-4), 
while it is immense on continents near the pole. At Jakoutak, in North 
Asia, it is 112°°5 (January ~ 44°°5 and July +68"). All fluctuations depend 
‘to a large extent upon the distance from the sea, oe local causes may 


ee ee ee 
great changes way, At Brussela, the greatest ible yearly un 
tion is 90°. Tei soase parte OF Canada, tuamsties dadelettea saaatiieas Gecur 
in a day, the thermometer ranging even 50° to 70” in one day. 


The hot winds of the rainleses deserts have long meteorologists ; 
they often cause enormous undulations, 50° to as as 78° Fabr. 
Temperature of the Atr af any place. 
This depends on the following conditions 


a 
1. position as influencing the amount and duration of sun's 
rye which are received.——The nearer the eqyustor the hotter, For 234" on 
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either side the equator the sun's rays are vertical at one period of the year, 
and are never more oblique than 47°, The mean yearly temperature of the 
equator is 82° Fahr.; of the pole about 2°°5 Fahr. The decline from the 
eqtiator to the pole is not regular; it is more rapid from the equator. te $0° 
than in the higher latitudes. _ 

2, Relative amount of Land and Water—The sun's rays passing through 
the air with but trifling loss fall on Jand or on water. The specific heat of 
Jand being only one quarter that of water, it both absorbs heat and gives it 
out more rapidly. Water, on the other hand, absorbs it more slowly, stores 
‘Up 4 greater quantity, and parts with it less readily, The temperature of the 
superficial water, even in the hottest regions, seldom exceeds 80° to 82°, and 
that of the air is generally below (2° to even 6°) the temperature of the water 
(J. Davy). Consequently the more land the greater is the heat, and the 
wider the diurnal and yearly amplitudes of fluctuation. The kind of soil has 
@ great effect on absorption, and the land also transmutes the heat to a certain 
extent (eee Sor). The evaporation from the water also greatly cools the air 
(see Evaporation). 

3. Elevation of the place ubove the Sea-level.—The greater the elevation the 
colder the air, on account—1s/, of the lessening amount of earth to absorb 
the sun’s rays; and, 2d, on account of the greater radiation into free space. 
The decline of temperature used to be reckoned at about 1° Fahr. for each 300 
feet of ascent, but the balloon ascents of Mr Welsh, and especially of Mr 
Glaisher, have proved that there is no regular decline ; there are many currenta 
of warm air even in the upper atmosphere. Still the old rule is useful as an 
approximation. The amount of decline varies, however, in the same place at 
different times of the year. In Mr Glaisher’s balloon ascents, in a cloudy aky, 
it was about 4° Fahr. for each inch of barometric fall, at first; but when the 
barometer had fallen 11 inches, the decline of temperature was more rapid. 
Under a clear sky there was a fall of 5° Fahr. for each of the first four inches 
of descent ; then 4° per inch till the thirteenth inch of descent, and then 4°°5 
for fourteenth, fifteenth, and sixteenth inches of descent. 

The snow-line at any spot, or the height at which snow will lie the whole 
year, can be approximately reckoned by taking the mean yearly temperature 
of the latitude at sea-level, and multiplying the difference between that tem- 
perature and 32° Fabr. by 300. The aspect of a place, however, and other 
circumstances, have much to do with the height of the permanent anow-line. 
The mean temperature of any place can be approximately reckoned in the same 
way, if the mean temperature of the latitude at sea-level, and the elevation of 
the place in feet, be known. 

4. Aspect and Exposure; and Special Local Conditions.—These circum- 
atances chiefly affect a place by allowing free e to, or sheltering from 

. tke sun's rays, therefore lessening the number of hours the rays reach the soil, 
or by furnishing at certain times a large moist surface. Thus the extensive 
sandbanks of the Mersey cause very rapid alterations of temperature in the 

| wy (Adis) by being exposed every twenty-four hours twice to the sun: and 

' @), 

5, Aérial and Ocean Currents.—These have a great effect, bringing clouds 
which block out the sun or produce rain, or which, “e of 006 

"eurrents, cool or warm the air. The .cold polar sea currents and the warm 
equatorial (like the Gulf Stream) in some cases elmost determine, and always 
arg mer the temperature of a place. « - 

6. Nature of the Soil—On thia point little is yot known, bat . 
that agme acids easily absorb heat; others do not. The moist and clayey soils 


: ’ na ne 
; , a ', oe! 
Y OF THE AiR, ae 
1 3 1 1 


‘The hottest places on the earth are—in the eastern, hemis near:the 
Red Sea, at Massava and Khartoum = N.L.), and on the Nile in Lower 
Nabia ; annual tem: = 90°5 Fehr. ; in the western hemisphere, on the 
Continent, near the West Indies, the annual temperature is 81°°5. These are 
sometimes called the climatic poles of heat. The poles of cold are in Siberia 
(Jakoutak to Ustjausk, 62° N.), and near Melville Island. 

Teothermal Lines, —These are lines drawn on charts, and were proposed by 
Humboldt to connect all places having the same mean annual temperature. 
The various conditions just noted cause these lines to deviate more or Jess from 
the linea of latitude. The isothermal lines are now drawn to represent the 
places of the same mean monthly, or mean winter or summer temperature. 

The lines of mean summer temperature (three months, June, J aes August) 
are ¢alled isotheral ; those of mean winter temperature (December, January, 
and February) are called isocheimonal.* 


SECTION I. 


HYGROMETERS—HUMIDITY OF THE AIR. 


The amount of watery vapour in the air can be determined in several ways ; 
by direct weighing, by Daniell’s or Regnault’s hygrometer, by the hair hygro- 
meter of Saussure, and by the dry and wet bulbs.¢ The method by the dry 
and wet bulb thermometers has been adopted by the Army Medical Depart- 
ment, and observations are taken twice daily (9 a.m and 3 p.m.), The instru- 
ments are not self-registering, and are simply read off. They are placed in the 
shade, four feet above the ground, the bulbs freely exposed to the air, but 
not exposed to the effect of radiant heat from brick walls, &. The wet bulb 
is covered with muslin, which is kept moistened by cotton twisted round the 
bulb and then passing into the water veasel ; the cotton is soaked in solution 
of carbonate of soda, or boiled in ether to free it from fat, so that water may 
ascend easily in it by capillary attraction; the muslin and cotton should be 
renewed frequently, once or twice a month if possible; the water must be 
either rain or distilled water, and the supply ought to be more ample in dry 
hot weather than in damp. When the temperature is below the freexing- 
point, the passage of water along the syphon is arrested ; it ia then necessary 
to moisten the wet bulb, allow the moisture to freeze, and then sometime after 
to take the reading. The dew-point, the weight of a cubic foot of vapour, 
and the relative humidity, are then taken from Mr Glaisher’s tables.t 


*It may be well to mention the relations between the three rearha, oarcayrcserrd scales, 
Whilst the -point in the Fahrenheit scale is at 32° it is at 0° in both the Centigrade (or 
Celsius) and the mmur scales. Water boils at 212° on the Fahrenheit scale (barometer 
‘dn 20-905), at 100° on the ae ag and at 80° of Réaumur. 

Hence the formala of reduction is :— 
from which the corexponding temperstases con aaliy'te foam, 

a8 om 9 


+ These are to be considered as one instrument, and are frequently called the Psychrometer 
of A or (in this ) of Mason. 
3 Tables, 6th edition, 1877. A copy is now sent to each station. 
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Weight tn Grains of a Oubte Foot of Vapour, under the preseure of 30 inches 

| Mereury for every degrees of temperature from 0" to 100°. The tenipera- 

fare 4a the dew-point, and thé weight of vapour is the weight which can ‘be 
_ suttained at that temperature without being vistble. 
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1 
2°30 
2°48 
2°48 
2°57 
2°66 
2°76 
2°86 
2°97 
3°08 
3°20 
8°32 
3°44 
3°56 
3°69 
8°82 
3:96 





Definition of these terme.—The dew-point is the temperature when the air 
is just saturated with moisture, so that the least further fall would cause a 
deposit of water. The quantity of vapour which can be taken up and be 
made quite invisible to the senses varies with temperature. The preceding 
table gives the weight of a cubic foot of vapour, or to use the common, 
peg not quite accurate, phrase, the weight of vapour in a cubic foot of air 
at different temperatures when the air is saturated with moisture. 

The oe is obtained directly by Daniell’s or Regnault’s hygrometer, 
which enables us to cool and note the temperature of a bright surface until 
the dew is deposited on it, or indirectly by means of the dry and wet bulbs. 

Unless the air is saturated, the temperature of the wet bulb (1.¢., the 
temperature of evaporation) is always above the dew-point, but is below the 
temperature of the dry bulb, being reduced by the evaporation. If the dry 
and wet bulbs are of the same temperature, the air is saturated with moisture, 
and the temperature noted is the dew-point; if they are not of the same 
temperature, the dew-point is at some distance below the wet bulb temperature.* 

It can then be calculated out in two ways. 

(a) By Mr Glaisher’s factors. By comparison of the result of Daniell’s 
Sherine and the dry and wet bulb thermometars for a long term of years, 

Glaisher has deduced an empirical formula, which is thus worked. Take 

‘the difference of the dry and wet bulb, and multiply it by the factor which 
standa opposite the dry bulb temperature in the fo table, deduct 
sar) namie dry bulb temperature, the result is the dew-point. . 
dew-point being obtained, the amount of vapour in a cubic foot of air 





, * Oocasionalty by the wat-bulb may read than the dry, as in thick fog or very cake, 
 oold weather, 4s rare, but, ahould it be met with the tempertture of the 
“$a to hetaken an! considered to be at exturstion (Scott). eae cae 
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is at onog seen by. looking at the table before given. ‘From this formula Mr 
Gleisher’s tables’ been calculated. | 
6) Apjohn's Formula.-—From a moat philosophical and exhaustive analysia 
of fie conditions of this complicated problem, Dr Apjohn has derived his 
celebrated formula which is now in general use. Reduced to its most simple 
ion, it ig thus worked :—A table of the elastic tension of vapour, in 
pal ape plledintingeyy Seite temperatures, must be used. From this table 
take out the elastic tension of the temperature of the wet thermometer, and 
call it f’. Let (é-¢#') be the difference of the two thermometers, and » the 
observed height of the barometer. Apjohn’s formula then enables us to 
calculate the elastic tension of the dew-point, which we will call /4; and this 
being known by looking in the table, we obtain, opposite this elastic tension, 
the dew-point temperature. 


The formula is: f’ =f’ ~0-01147(t -#) Pet. 


The fraction oe differs but little from unity, and may be neglected ; 
the formula then becomes, for temperatures above 32° Fahr. : 
vp _t-#) 
If below 82° the formula is: f” =’ — eae. 
The dew-point being known, the weight of a cubic foot of vapour, 


and the amount of elastic tension, expressed in inches of mercury (if this is 
desired), are taken from tables ; the relative humidity is got by calculation. 


Glatsher’s Factors—(See previous page) :— 












of Dry bab Factor. || of Dry-bulb | Factor, 
Therm. 

8°78 $3 3°01 56 1°94 
8:78 84 2°77 57 1°92 
8-78 a5 3°60 68 1-90 
8:77 36 2°50 59 1:89 
8°76 $7 2°42 60 1°88 
8°75 88 2°36 6! 1°87 
8-70 30 2°82 | 63 1°86 
8°82 40 229 | 8 1°85 
8°60 41 2°26 64 1°88 
8°34 42 203 | 65 1°82 
8°14 43 2°20 66 1°81 
7-28 44 2°18 67 1°80 
7°60 45 2°16 68 1°79 
7°28 46 214 1 80 178 
693 47 212 || 70 177 
6°53 48 210 | 71 1°76 
608 49 2:08 | 73 176 
8-61 9°06 78 1°74 
5°13 61 8°04 74 1-78 
463 53 $02 75 172 
41s 53 00 768 1-71 
. 3°70 Ba aon f 677i oi 
822 - SS 196 | 78 100 
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The selative humidity is merely a convenient term to express ve 
re lascgh as caeeia A ink aaalr piaiegnicalae pe pore 100, any 
degree of dryness may be expressed as a percentage of thi is obtained at 
once by dividing the weight of vapour actually determined by the weight of 
vapour which would have been present had the air been saturated. 

order to save trouble, all these points, and other matters of interest, 
auch as the weight of a cubic foot of dry air, or of mixed dry and moist air, 
are. given in Mr Glaisher’s Hygrometrical Tables, which are now sent to the 
principal stations, and which all medical officers are advised to get. But in 
tha shane of these, the tables given in this chapter, and Glaisher’s factora, 
will enable the chief points to be determined ; also the table, page 455, which 
is extracted from Mr Glaisher’s larger tables, will be found useful. It gives 
the relative humidity, and if the weight of a cubic foot of vapour (in the table 
already given, p. 452) at the temperature of the dry bulb,, be multiplied by 
the polativa humidity, and then divided by 100, the actual weight of vapour 
in the air at the time of observation is obtained.* 

To read the table, take the temperature of the dry bulb, and the difference 
between it and the wet bulb, and look in the table at the intersection of the 
two columns. 

The amount of watery vapour can also be told by a hair hygrometer. A 
modification of Saussure’s yaoristar is still used in France, and also in 
Russia and Norway. A human hair, freed from fat by digestion in liquor 
potassee or ether, is stretched between a fixed point and a small needle, which 
traverses a scale divided into 100 parts. As the hair shortens or elongates 
the needle moves and indicates the relative humidity.¢ The scale is graduated 
by wetting the hair for ag saturation, and by placing it over sulphuric 
acid of known strength for different degrees of saturation.t A very delicate 
instrument is thus obtained, which indicates even momentary changes in 
moisture. On comparison with the wet and dry bulb, I have found that it 
gives accordant results for three or four months; it then loses ite delicacy, 
and requires to be a little wound up. If compared with the dry and wet 
bulb, the hair hygrometer seems to be exact enough for experiments in 
ventilation, for which it is adapted from its rapidity of indication. It has 
also been recommended by the Vienna congress for use in extreme climates, 
when the indications of the psychrometer are either uncertain or entirely 
astray.§ The amount of watery vapour in the air has a considerable effect on 
the temperature of a place. Hermann von Schlagintweit|{ has pointed out 
that the differences between the temperature marked in the sun and shade 
by two maximum thermometers are chiefly dependent on the amount of 
humidity. The maxima of insolation (measured by the difference between 
the sun and shade thermometer) occur in those atations and on those days 
when humidity is greatest. Thus, at Caleutta, the relative humidity being 88 
to a the insolation (or difference between the thermometers) is 50° Fahr. ; 
at Bellari the relative humidity being 60 to 65, the insolation is 8° to 11°, 
Theae results are explained by Tyndall's observations, which ahow that the 
transparent humidity will scarcely affect the sun’s rays striking on the sun 
thermometer, while it greatly obstructs the radiation of invi heat from 

the thermometer; when the air is highly charged with moisture, the mn 





+ Oy, what ia the same thing, umitiply by the relative humidity, with a deotmal point 
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_ Bigle dhortens when dry avd when moist. 
rs es praution of the sale a in The Archie Maneal, p. 16. 
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Tasie of the Relative Humidity given by the difference lelween the 
Dry and Wet Bulb. 


Divvergnon BeTwars Tus Dry axv Wer Bris, 


sa EO 


Re.ative Howrprry, SaTurarion = 100, 
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90 100 | 98 | 90 | 85 | 81 | 77 | 78 | 69 | 65 | 62 | 80 | 56 | 83 | BO] 47 | 44 
89 100 | 96 | 90 | 85 | 81 | 77 | 73 | 69 | 68 | 61 | 58 | 8B | 89 | 49 | 48 | a8 
as 100 | 95 | 90 | 85 | 81 | 77 eo | 63 | €1 | 68 | 88 | 82 | 4p | 46 | 49 
87 100 | 95 | 90 | 85 | 81177 | 73 | 69 1 65 | et | BB | 65 | 68 | 40 | 40 | 43 
86 100 | 95 | 90 | 85 | 80 | 76 68 | 64 | ot | sa | 85 | 89 | 40 | 46 | 48 
85 100. | 95 | 90 | 85 76/72] 68 | 64] 61 | 68 | 58 | 82 | 40 | 48 | 48 
84 100 | 98 | 90 | 85 | 80 | 76 G8 | 64 | GO | 87 | 84 | 51 | 481 43 | 48 
83 100 | 95 | 90 | 85 | so | 76 | 72 | 8 | 64 | oo | OF | 54 | 52 | 48 | 481 42 
, 82 100 | 95 | 90 | 85 | 80 | 76 | 72 | @8 | 64 | 60 | 67 | G4 | 51 | 48 | 45 | 42 
1 100 | 95 | 90 | 85 | 80 | 76 | 72 | 68 | 64 | Go | ba | 88 | 80 | 47 | 44 | 42 
80 100 | 95 | 90 | 88 | 80 | 78 | 71 | 67 | 68 | bo | BB | 63 | BO | 47 | 44 | 41 
79 100 | 95 | 90 | 85 | 80 | 75 | 71 | 67 | 63 | BO | 56 | 58 | 80 | 47, 4¢ | 41 
78 100 | 94 | 89 | 8¢ | 79 | 78 | 71 | 67 | 68 | 59 | Be | BS | 601 47 | 44 | 41 
71 100 | 94 | 89 | 84 | 79 | 75 | 71 | 6x | 63 | 69 | 56 | 63 | 50 | 47 | 44 | I 
76 1060 | 94 | 89 | 8 | 79 | 75; 71 | 67 | 63 | 50 | 55 | 89 | 49 | 46 | 48 | 40 
25 100 | 94 | 99 | 84 | 79 | 74170 | 66 | 62} 38 | 68 | 89] 40! 461 48 | 40 
74 100 | 94 | 89 | 8&& | 78 | 74 | 70 | a6 | 62 | 68 | Ba | 52 | 48 | 45 | 48 | 40 
1% 100 | 94 | #9 | 84 | 79 | 74} 70 | 66 | 62 | 5a | 84 | 61 | 48 | 48) 42 | 40 
72 100 | 94 | 89 | 841 79 | 74] 69 | 65 | 61 | 57 | 68 | 51 | eR | 45 | a2 | BD 
71 100 | 94 | 88 | 83 | 78 | 73 | 69 | 63 | 61 | 67 | 88 | 50 | 47 | 44] Ql | 88 
70 200 | 94 | 8& | 83 | 78 [731 Go | 6B | at | 57 | 88 | 60 | 47 | 44| €t | 88 
60 100 | 94 | 88 | 63 | 78 | 73 | 68 | 64 | GO| a6 | 58 | 60 | 47 | 44] 41 | 48 
63 100 | 94 | 88 | 83 | 78 | 73 | 68 | ct | Go| 86173 | 49 | 46 | 49 | 40 | 87 
67 100 | 94 | 88 | 88 | 78 | 73 | 68 | 64 | Go | oe | B2 | 49 | 4a | 48 | 40 | 87 
66 100 | 94 | 88 | 83 | 78 | 78 | 68 | Gt | Go | 80 | 62 | 48 | 45 | 42 | 40 | AT 
63 100 | 9¢ | 88 | a8 | 78 | 73 | 68 | 63 | 591 55 | 51 | 48 | 48 | 42 | BB | 36 
64 100 | 94 | 68 | 82 | 77 | 72 | 67 | 8 | 69 | 5S | ol | 48 | 46 | 82 | 8D | ge 
63 100 | 94 | 88 | 82 | 77 | 72 | 67 | 68 | 69 | 85 | 51 | 47 1 46] 41 | 98 | 36 
2 100 | 94 | 88 | 82} 77] 72] 67 | 62 | ba | 58 | 80 | 47 | 441 41 | 98 | 8B 
61 100 | 94 | 88 | 82 | 77 | 72 | 67 | 2 | 58 | 84 | 50 | 47 | 44 | 62] 36 | 85 
60 100 | 9¢ | 88 | 82 | 76 | 71 | 66 | G2 | G8 | 54 | 60 | 46 | 48 | 40 | 87 | B¢ 
Be 100 | 94 | 88 | 82 | 76 | 71 | 6 | 61 | 67 | a8 | 49 | 46 | 43 | 40| ST | 86 
58 100 | 98 | 87 | 81} 76 | 71 | Ge | ol | 67 | 68 | 49 | 46 | 48 | 40] 87 | 84 
87 100 | 93 | 87 | 81 | 76} 70] oS | ol | 87] 63 | 49 | 45 | 42 | 80 | 36 | Bs 
56 100 | 93 | 67 | 81 | 76 | 70 | 65 | 60 | se | 62 | 48 | 44 | 48 | 88 | 8B | 99 
85 100 | 93 | 87 | 81 | 75 | 70 | @5 | GO | se | 52 | 48 | 44] 48 | 28} 88 | 89 
54 100 | 93 | a6 741 69 | 64 | 59 | 56 47 | 48 | 401 37 | 94 | 81 
53 100 | a8 | 86 | 60 | 74 | 69 | 64 | 59 | 6S | 51 | 47 | 43 | 39 | 36 | 38 | 20 
52 100 | 93 | 86 | 80 | 74 | 69 | 64 | 58 | 54] 30 | 46 | 42 | 99 | 86 | 88 | BO 
81 100 | 98 | 86 | 80 | 74 | 68 | 68 | 58 | 541 B0 | 46 | 42 | 86 | 85} a9 | SO 
7) 100 | 93 | BG | 80 | 74] 68 | 63 | 58 | 54] 49 | 45 | 41 | 37 | 84] 31 | 29 
0 100 | 98 | 86 | 79 | 73 | 67 | 62 | 57 | 53 | 48 | 45 | 4) | 87 | 84] 81 | 28 
48 100 | 93 | 86 | 79 | 73 | 67 | 62 | 57 | 82 | 48 | 441 40 | 36 | 83 | 80 
47 100 | 93 | aa | 79 | 78 | 67 | 61 | 36 | 81 | 47 | 43 | 30 | 98 | 33 | 30 
46 100 | 93 | 86} 79 | 73 | 67 | 61 | 66 | 61} 47 | 43 | 89 | 96 | 39 | 26 
45 100 | 92 | 85 | 78 | 72 | 66 | 60 | 58 | 60 | 46 | 42 | 38 | 84 | 81 | 28 
“ 100 | 923 | 84 | 78 | 71 | 65 | 60 | 64 | 40 | 45 | 42 | 87 | 961 81 | 98 
48 100 | 92 | 84 | 78 | 71 | 68 | 50 | 54] 49 | 45 | 43 | 87 | 34) 91) 28 
43 100 | 93 | 84; 78} 71 | a8 | 60 | 54 | 40 | 44 | 40 | 96 | 48 | 30 | 97 
“al 100 | 92 | 44 | 77 | 70 | 64 | 88 | 53 | 48 99 | 35 | 41 | 28 

40 300 | 93 | 841 77 | 69 | 63 | 67 | 61 | 46 | 42 | 38 | 23 | 33 

39 100 | 93 | 84 | 77 | 60 | 68 | 57 | 62 | 47. | 42 | 8A | 34 

38 100 | 91 | 83 | 75 | 68 | 62 | 56 | 60 | 48 | 41 | 37 

87 100 | 91 | 68 | 78 | 68 | 61 | 55 | 40} 44 | 89 

26 100 | ot | 89 | 74] 6 | 0 | 88 | 47 | 42 

35 1060 | 90 | 80 | 72 

4 100 | 89 | 79 | 72 

Bs 100 } 80 | 78 | 76 

FY 100 | 87 | 75 


peer a 


thermometer is constantly gaining heat from the sun’s rays, while it loses 
ee eee ae again from the sir, 
‘When watery vapour mixes with dry air, the volume of the latter is 
ae ee ag agit arpecop fa foo ie 586°28 
weigh woul perry ey i208 pains at 60", bat, owing to the snlecgeneat of the 
be $42 at 60° to ¢ : 
air, the actual weight t of a oubic foot of saturated air at 60° is only 53284, - 


456 - DESCRIPTION OF METROROLOGIOAL INSTRUMENTS, - ; 
SECTION IIT. 

A good mercurial barometer is supplied to many army stations; the scale 
is brase, graduated to 20ths or }-tenths on the scale, and is read to alaythe 
by means of a vernier. There is a movable bottom to the cistern, which is 
‘worked up and down by a screw, so as to keep the mercury in the cistern at 
the same Sevel Correction for capacity is thus avoided. 

Fo dodges Barometer.—Choose a place with a good light, yet protected 
from direct sunlight and rain; fix the frame sent with the barometer very 
carefully with .a plumb-line, so as to have it exactly perpendicular ; then hang 
the barometer on the hook, and adjust it gently by means of the three screws 
at the bottom, so that it hangs truly in the centre. Test this by the plumb- 
line (a 4 oz. weight tied to a string will do), and then unscrew the bottom of 
the cistern till the ivory point is seen. 

Before fixing the barometer the bottom should be unscrewed till the 
mercury is two or three inches from the top; the barometer should be suddenly 
inclined, so as to let the mercury fall against the top; if there is no air it will 
do this with a sharp click; if there be air there is no click; in that case 
turn the barometer upside down, and tap the side forcibly till you see the 
globule of air passing up the tube through the mercury into the cistern. Do 
not be afraid of doing this ; if the screw at the bottom be not too far unscrewed 
there is no danger of any damage to the instrument. 

Reading of Barometer.—Read the attached thermometer first ; then adjust 
the cistern, so that the ivory point, perceptible through the glass wall of the 
cistern, seems just to touch the point of the image in the mercury. Then 
adjust the vernier, eo as to cut off the light from the fop of the mercury. 
Then read the scale with the bottom of the vernier. 

I have found that a little difficulty is experienced in understanding the 
vernier by those who are not accustomed to such instruments. It will be, 
probably, comprehended from a little description, read with the instrument 
before us. On the scale of the barometer itself, it will be seen that the 
smallest divisions correspond to half-tenths ; that is, to ~5,ths of an inch 

= (5). The height of the mercury can be read so far on the scale itself. 
e vernier is intended to enable us to read the amount of space the top of 
the mercury is above or below one of these half-tenth fines It will 
be observed that the vernier is divided into twenty-five lines ; but on adjusting 
it, ao that its lower-line corresponds with a line indicating an inch, it will be 
seen that its twenty-five divisions only equal twenty-four half-tenth divisions 
on the acale. The result is, that each division on the vernier is 3,th less than 
a half-tenth division on the scale. One th of a half-tenth is z,3,yths of an 
inch (“05 + 25 = 002 inch). 
This being understood, adjust the vernier so that its Jowest line accurately 
eorresponds to any line on the ecale. It will then be seen that its lowest 
dine but one is a little distance below (in fact, 002 inch) the next line on the 
fixed acale. Raise now the vernier, 20 that its second line shall correspond to 
the line on the scale to which it was a little below ; and of course the bottom 
of the vernier must be raised 002 inch above the line it first corresponded 
- ‘with. Ifthe next line, the third on the vernier, be made to.correspond with 

the Hine on the scale just above it, the bottom of the scale must be raised 
double: this (004 inch) above the line it was firet level with ; if the siext line 
in the vernier be made to correspond with a line on the scale, the scale is reised 
006, and.#o.0n. Each division on the vernier equals -002 inch, and each 
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The barometer is read thus. The vernior being adjusted to the top of the | 
‘ mercury, read‘on the acade to the half-tenth ; then lock above, and see what 

line on the vernier corresponds exactly to a line on the scale. Thon read the 
number on the vernier, counting from the bottom ; multiply it by 002, and 
the result is the number of hundredths or thousandths of an inch the top of 
the mercury is above the half-tenth line next below if.* Add this number to 
that already got by direet reading of the fixed scale, and the result is the 
height of the mercury in inches and decimals of an inch. 

Corrections for the Barometer.—The barometer supplied to military stations 
requires no correction for capacity. There are two constant corrections for 
all barometers, viz., capillarity and index error. The firet depends on the 
size of the bore, and whether the me has been boiled in the tube or not. 

The arror for capillarity is notified by the maker. Index error is determined 
by comparison with a standard barometer. It is indicated by the maker, and 
is constant by the same barometer. The index and capillarity errors are put 
together. The capillarity error is always additive ; the index error may be 
subtractive or additive; the two together forma constant quantity. The 
certificates furnished by the Kew Observatory, for all barometers verified 
there, include the corrections above mentionéd. 

Correction for tenyperature.—The barometer is always registered as if the 
temperature of the mercury were 32° Fahr. If the temperature of the 
mercury be above this, the metal expands, and reads higher than it would do 
at 32°, The amount of expansion of mercury is 0001001 of ita bulk for 
oe iis 3 but the linear expansion of the brass scale must be also con- 
side 

Schumacher’s formula is used for the correction—viz, 

h = observed height of barometer in inches. 
¢ = temperature of attached thermometer (Fahr.). 
m= expansion of mercury per degree—viz. 0001001 of its length at 32°, 
sslinear expansion of scale—viz. 00001041; normal temperature 
being 62°. 
_. , ME - 32") — 8 (¢ - 62° 
1+m(t-32°) * 

To facilitate the correction for temperature, tables are given in Mr R. H. 
Scott’s “Instructions in the Use of Meteorological Instruments,” which is 
distributed to medical officers. 

Correction for Sea-Level.—As the mercury falls about Tugs (001 inch)t+ 
for every foot of ascent, this amount multiplied by the number of feet must 
be added to the height, if the place be above sea-level.t The temperature of 
the Bol has, however, also to be taken into account if great accuracy is 
_yequi 
_ When all these Pape na have lees — the exact height p Bs 
mercury represents conjoint wei of the ox nitrogen, carbonic 
acid, and watery va tie of the atmwephate It is aeult to me these 
several weights, and the late observations, which show that humidity 
existing at any place is merely local, and that vapour is most unequally diffused 
through the air, render it quite uncertain what amount of the moreury 

* Inetead of mn namber on the vernier by a little practice will enable the 


the 
ealoniation to be at once. On the vernier will be seen 1, 2, 8, 4, and 5; cor. 
verpdding to ‘i Sth, 30th, 15th, 30th, snd SOth tines, and “1, 06, 08, 04, or 08 


"Tia, exact amount is « little below this, but varies with altitude ; st sea-level the emount 
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is supported by the watery vapour. Yet that this has a considerable effect in 
alte oe height, particularly in the tropics, seems certain 
_ “The ht of the barometer at sea-level differs at different parts of the 
earth’s ; being less at the equator (29-974) than on either side at $0° 
N, and S, lat., and lessening again towards the poles, especially towards the 
aouth, from 63° to 74° S. lat., where the depression is upwards of an inch, 
It differs in different places also according to their geographical position and 
their height above sea-level. Like the thermometer, itis subjected to diurnal 
- and ‘annual periodic changes and to non-periodic undulations. 

In the tropics the diurnal changes are very steady ; there are two maxima 
and two minima ; the first maximum is about 9 a.u. ; the first minimum about 
3 to 4 ym. ; the second maximum at 10 p.m. ; the second minimum at 4 am.’ 
Those changes are, perhaps, chiefly dependent on the set vapour (Herschel). 
In this country the diurnal range is less ; it falls from mi night to about 4 to 
6; rises till 11, and falls again till 4 or 6; then rises till midnight. The 
undulations depend on the constantly, shifting currents of air, rendering the 
total amount of air over a place heavier or lighter. The wind tends to pass 
towards the locality of least barometric pressure, In this country the 
_ barometer falls with the south-west winds ; rises with the north and east; the 
former are moist and warm, the latter dry and cold winds. 

The isobarometric lines are the lines connecting places from the same mean 
annual height of barometer. 

Measurement of Heiyhts.—The barometer falls when heights are ascended, 
asa certain weight of air is left below it. The diminution is not uniform, 
for the higher the ascent the less weighty the air, and a greater and greater 
height must be ascended to depress the barometer oneinch. This is illustrated 
by the following table :—* 

To lower from 31 inches to 30= 857 feet must be ascended. 


” 30 ” 29—= 886 ” 99 
9 29 ” 28= 918 9 ” 
” 28 . ” 27 = 951 x 9 
” 27 ” 26= 986 39 99 
26 FS 25 = 1025 - ro 
” 25 ” 24 = 1068 ” ” 
5s 24 ‘4 23 =1113 ‘5 9 
” 23 ” 22 = 1161 ” a 
” 22 ” 21 = 1216 ” 9 
rT) 21 ” 20 = 1276 99 9 
‘7 20 99 19 = 1341 9 ry) 


rt) 19 rT) 18 = 1413 ry] ” 

The measurements of heights in this way is of great use to medical officers ; 
the aneroid barometer can be used as high as 5000 feet, and a delicate instrn- 
ment will measure as little as 4 feet. The new pocket aneroids will measure 
up to 12,000 or 14,000 feet. ‘ | 

_ A great number of plans are in use for calculating heights. It can be done 
readily by logerithms, but then medical officers may not possess a table of 


.* The height oan be taken readily fron, this table, by calculating the number of feet which 
mat have tn sont to oan he chord fall {Sen making a correction for tempera. 
ture, by mnitiplying the number obtained from the table, which may be called A, by 
' formula (¢ is the t% of the lower, and ¢ of the upper station). ; 


(1484S) x 4, 2 eee 
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! The simplest rale of all is one derived. from Laplace's formula, Mr Ellis* 
"Jung lately stated this formula as follows :—Maultiply the difference of the 
barometric ings by 52,400, and divide by the sum of the barometric 
If the result be 1000, 2000, 3000, 4000, or 5000, add 0, 0, 2, 6, 
14, respectively. Substract 2} times the difference of the temperatures of 
the mercury. Multiply the remainder by a number obtained by adding 836 
to the sum of the temperatures of the air, and dividing by 900. A correction 
must also be made for latitude, which can be done by Table IIL p. 461. 

Tables such as those given by Delcros and Oltmanns are very convenient 
for estimating heights by the barometer. A table lesa long than these, but 
based on the same principle, has been given by Negretti and Zambra in their 
useful work,+ end as it is the easiest formula I know, I have copied it. 

A good mercurial barometer, with an attached thermometer, or an aneroid 
compensated for temperature, and a thermometer to ascertain the temperature 
of the air, are required. Two barometers and two thermometers, which can 

be observed at the same moment at the upper and lower stations, are desirable. 
- Supposing, however, there is but one barometer, take the height at the 


Taste L—Approximate Height due to Barometric Pressure, 









Inches of Inch 
Lonel Feet, Barometer. Rarccaaear Feet. 
31°0 0 27°83 238°6 7,181 
30°9 84 2 z 7,242 
"8 169 2 | “4 7,358 
7 254 27°0 8 7,466 
6 839 26°9 "2 7,577 
3) 425 8 1 7,690 
“4 511 | 23°0 7,808 
3 597 6 229 7,917 
2 6838 "5 8 8,082 
‘] 770 4 7 8,147 
80°0 857 8 6 8,262 
29°9 044 2 a) 8,378 
8 1,032 1 *4 8,495 
| 1,120 26°0 3 8,612 
6 1,208 25°9 2 8,729 
5 1,296 "8 ‘1 8,847 
“4 1,385 A 220 8,966 
3 1,474 6 21°9 9,085 
2 1,568 3) "8 9,205 
‘1 1,653 4 wi 9,325 
29°0 1,748 3 6 9°446 
28 ‘9 1,883 2 *b 9,667 
8 1,924 ‘1 *4 9,880 
7 2,015 25°0 ‘3 9,811 
6 2,106 24°9 2 9,934 
5 2,198 8 1 10,058 
“4 2,290 7 21°0 10,182 
8 2,882 | *6 20°9 16,807 
2 2,475 ) 8 10,482 
‘J 2. 568 | “4 7 10,558 
28:0 2,661 8 6 10,684 
37°9 2°754 2 6 10,812 
8 2,848 ‘1 “4 10,940 
7 2,042 240 a 11, 
6 8,087 || 239 2 11,198 
" § 8,132 8 ‘1 11,888 
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lower station, and correct for temperature to 32°, according to the table given 
at page 425, ‘Take the temperature of the air Ascend as rapidly as possible 
bedovall: lh mene take the height of the barometer (correctizig it to 
$2°) and the temperature of the air ; then use the following tables, taken from 
NN i and Zambre’s work. If the height is lees than 300 feet, Téhles IL, 
IL, and IV. need not be used. cael 
“Table L is calculated from the formula, height in feet 60,200 (log, 
29°922——log, B) +925; where 29-922 is the mean atmospheric pressure at 
33° Fehr, and at the mean sea-level in latitude 45°; and B is any other 
barometric ure; the 925 being added to avoid minus signs in the table. 

“Table IL contains the correction necessary for the mean temperature of 
the stratum of air between the stations of observation ; and is computed from 
Regnault’s co-efficient for the expansion of air, which is ‘002036 of its volume 
at 32° for each degree above that temperature. 

Table, IIL. is the correction due to the difference of gravitation in any 
other latitude, and is found from the formula, z= 1+ 00265 coa. 2 lat, 

“Table IV. is to correct for the diminution of gravity in ascending from 
the sea-level. 

‘To use these tables: The barometer readings at the upper and lower 
stations having been corrected and reduced to temperature 32° Fahr., take 
out from Table L the numbers opposite the corrected readings of the two 
barometers, and subtract the lower from the upper. Multiply this difference 
successively by the factors found in Tables IL and III The factor from 
Table IIL may be neglected unless precision is desired. Finally, add the 
correction taken from Table IV.” (Negretti and Zambra. ) 

In the table the barometer is only read to 10ths, but it should be read to 
100ths (01) and 1000ths (001), and the number of feet corresponding to 
these amounts calculated from the table, which is easy enough. 


Taste IL—Correction due to Mean Temperature of the Air ; the Tempera- 
ture of the Upper and Lower Stations being added and divided by 2. 








Mean Temp. Factor. Mean Temp. Factor. | Mean Temp. | Factor. 
10° 0°955 35° 1006 60° 1057 
li 957 $6 1°008 61 1°059 
12 969 87 1°010 62 1061 
13 961 38 1012 63 1°063 
14 “963 88 1014 64 1065 
15 965 40 1°016 65 1°087 
16 067 41 1018 66 1069 
17 “969 42 1020 67 1071 
18 971 48 1°022 68 1°073 
19 “O74 | 44 1024 69 1075 
20 976 «6 = 45 1-026 70 1-077 
‘21 978 1°020 71 1079 
23 “280 | 47 1081 72 1081 
98 “982 48 1-088 73 1°083 
24 084 fl 49 1°035 74 1088 
25 9860 Of 50 1-087 75 1088 ; 
26 088 61 1-089 76 17090 
37 “990 53 1-041 77 1002 
«8 999 58 1-048 78 1004 
_ & B04 b4 1-045 79 1006 
' 30 996 55 1947 =|} 80 1098 
33 0908 $6 i an on) 1-190 
3 1°000 SY 1051 § 882 1102 | 
& .| Yo of BB 1058 «=f (88 1204 
a “2004 fb 1065 fo 1206. 
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“ ‘Sama TU——Correction due to Difference of Gravitation in diffrent | °° 





Tasiz LV. 
Height in Corrective Height in Corrective 
Thousand Feet. Additive, Thousand Feet, Additive. 
 aamnenentteaepenaetnamnaseasienesaitat as 
1 8 9 26 
2 6 10 30 
3 8 11 38 
4 ll 12 37 
§ 14 18 41 
6 17 14 44 
7 20 18 é& 
8 23 


Example,—At two stations the barometer read respectively 29°9 and 21°2, the tempera- 
tures of the air being 60° and 40°. 
Barometer at upper station, .  « 21°2,TableI. . 9,984 
- lower __,, ; . 29, ,, ; 944 


Approximate mean height oe eee 8, 890 

ean temperature 50°, able II., Factor . : ; - _1°087 
Height corrected fortemperature, _. »  «  «  « 9,828 
Latitude (say) 80°, Table II., Factor. .  . »  « 100182 
Height corrected for latitude, . ; , ; ‘ 9,835 


Correction from Table IV, . a ‘ - Wl 

Height corrected for direct altitude, . ; : , ‘ 9,361 
Height of lower station above sca-level (aay), =. 8 . .« 150 
Final corrected height of upper station above sea-level, . — 9,611 


Weight of the Air—The barometer expresses the weight of the air in 
inches of mercury. The actual weight can be determined if the reading of 
the barometer, temperature, and humidity are all known. 

The weight of a cubic foot of dry air at $2° Fahr., and normal pressure, is 
566°85 grains, For any other temperature the weight can be calculated. 
. Multiply the co-efficient of the expansion of air (viz., 0020361 for 1° Fahr.) 
by the number of degrees above 32, the sum added to unity will give the 
volume of a cubic foot of dry air at that temperature, Divide 566-85 by the 
number eo obtained. The result is the weight of the dry air at the given 


temperature, ; 
SECTION IV. 
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foot above it; in all parte of the world the latter indicates leas rain ‘than the 
lower incod! gauge ; the reason of this is not very clear, but it appears to be 
ially due to wind. 

Several kinds of gauges are in use. The one used by the Army Medical 
D t is a round tin box with a rim or groove at the top; a round top 
with a funnel inside fits on to this groove, which, when filled with water, 
forms a water valve. The opening above is circular (the circle being made 
very carefully, and a rim being carried round it to prevent the rain-drops from 
being whirled by wind out of the mouth), and descends funnel-ehaped, the 

end of the funnel being turned up to prevent evaporation, best 
size for the open top, or in other words, the area of the receiving surface, is 
from 50 to 100 square inches. The lower part of the box is sunk in the 
ground nearly to the groove ; the upper part is then put in, and a glass vessel 
is placed below the funnel to receive the water.* At stated times (usually at 
9 a.m. daily) the top is taken off, the glass vessel taken out, and the water 
weighed or measured. The latter is easiest, and is done in a glass vessel 
which is graduated to an inch and hundreths of an inch, and is sent with the 
gauge. Each gauge has ita own measure. 

If this glass is broken it can be replaced by the following rule, or a rain- 
gauge can he made by any one very easily. It need not be round, though 
this is now thought the beat form, but may be a square box of metal or wood, 
and may be of any size between 3 and 24 inches in diameter, but 5 to 8 is 
the most convenient range, 

Determine the area, in square inches, of the receiving surface, or top of 
the gauge, by careful measurement (see Measurement of Rooms, chapter on 
Arn). This area, if covered with water to the height of one inch, would give 
us a corresponding amount of cubic inches. This number of cubic inches is 
the measure for that gauge of one inch, because when the rain equals that 
quantity it shows that one inch of rain has fallen over the whole surface. 

Let us say the area of the receiving surface is 100 square inchea’ Take 
100 cubic inches of water and put it into a glass, put a mark at the height 
of the fluid, and divide the glass below it into 100 equal parts. If the rainfall 
comes up to the mark, one inch of rain has fallen on each square inch of sur- 
face; if it only comes up to a mark below, some amount less than an inch 
(which is so expressed in ,',ths and .3,,ths) has fallen. 

To get the requisite number of cubic inches of water we can weigh or 
measure, A cubic inch of water at 62° weighs 252:458 grains, consequently | 
100 cubic inches will be (252°458 x 100) =25245°8 grains, or 57°7 ounces 
avoir, But an easier way still is to measure the water,—an ounce avoir. is 
equal to 1‘733 cubic inches, therefore divide 100 by 1-733, and we obtain the 
number of ounces avoir. which corresponds to 100 cubic inches. 

Usually a one-inch measure is so a glass, that half an inch is con-- 
eidered more convenient. 
_, If enow falls instead of rain, it must be melted and the resulting water 
measured. This may be easily done by adding a measured quantity of warm 
water, and then subtracting the amount from the total bulk of water. 

_From the table of ‘the weight of vapour already given, it will be seen that 
the amount of vapour which can be rendered insensible, increases with. the 
but not regularly ; more, comparatively, is taken up by the high 
temperatures ; thus, st 40", 2°86 grains are supported ; a} 60°, 410 graing, or 
124 grains more; at 60°, 5°77 grains, or 1-67 grains mors’ than at 50’. 
Theselore, if two currents of air of unequal temperatures, but equally asturated | 


(< © glans yeewel should not be ued in winter, tor fier of breakage is frost, |. 





Sse ae RAEN RARORATION, |: GB. 
swith moiatare, meet in equal volume, the temperature will be the mean of the 
two, but the amount of vapour which will be kept invisible is less than the 
‘mean, end some vapour therefore necessarily 9 fog or rain. Thus one 
saturated current. being at 40°, and the other at 60°, the resultant temperature 
will be 50’, but the amount of invisible will not be the mean, viz., 
4315, bot 4°]; an amount equal t> 215 will therefore be deposited. 

Rain is therefore owing to the cooling of a saturated air, and rain is heaviest 
under the following conditiona,—when the temperature being high, and the 
amount of sete Pg the hot and moist air soon encounters a cold air. 
‘These conditions are chiefly met with in the tropics, when the hot air, saturated 
with vapour, impinges on a chain of lofty hills over which the air is cold. 
The fall may be 130 to 160 inches, as on the Malabar coast of India, or 180 
to 220 in Southern Burmah, or 600 at spt an in the Khasyah, Hills. 
Even in our own country the hot air from the Gulf Stream impinging on the 
Cumberland Hills causes, in some districts a fall of 80, 100, even 130 
inches in the year. | 

The rainfall in different places is remarkably irregular from year to year; 
thus at Bombay the mean being 76, in 1822 no less than 112 inches, while 
in 1824 only 34 inches fell. 

The amount of rain in the different foreign stations is given under the 
respective headings. 


SECTION V. 
EVAPORATION, 


The amount of evaporation from a given moist surface is a problem of great 
interest, but it is not easy to determine it experimentally, ne) instrument 
is issued by the Army Medical Department, A shallow vessel of known 
area, protected round the rim by wire to prevent birds from drinking, is filled 
with a known quantity of water, and then, weekly or monthly, the diminution 
of the water is determined, the amount of addition by rain being at the same 
time determined by a rain-gauge. This plan takes no notice of dew, and is 
not regarded as satisfactory. 

Another plan is placing water under # cover, which may protect it from rain 
and dew, and yet permit evaporation, and weighing the loss daily. It is 
difficult, however, to insure that the evaporation shall be equal to that under 
the free heavens. 

A. third plan is calculating the rate of evaporation from the depression of 
the wet-bulb thermometer, by deducting the elastic force of vapour at the 
dew-point temperature from the elastic force at the air temperature, and taking 
the difference as expressing the evaporation. This difference expresses the 
férce of escape of vapour from the moist surface. 

Instruments termed Atmometers have been used for this purpose ; the first 
‘was invented by Leslie. A ball of porous earthenware was fixed to a glass 
.tabe, with divisions, each corresponding to an amount of water which would 
cover the surface of the ball with a film equal to the thickness of +,4,,th part 
ofan inch, The evaporation from the surface of the ball was then read off. 


: of the ai ing, . 
nature of the moist susiace; it is greater from moist soil than from water. 
Phe :‘amgunt of vapour annually rising from each aquare inch of water ant 
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face in this country has been estimated at from 20 to, 24 inches; in the 
tropical seas it has been estimated at from 80 to 130, or even more inches, 
In the Indian Ocean it has been estimated at as much as an inch in twenty- 
four hours, or 365 in the year, an almost incredible amount. No doubt, 
however, the quantity is very great. ss, 

It requires an effort of imagination to realise the immense distillation which 
goes on from the tropical seas. Take merely 60 inches as the annual distilla. 
tion, and reckon this in feet instead of inches, and then proceed to calculate 
the weight of the water rising annually from such a small space as the Bay 
of Bengal. The amount is almost incredible. 

This distillation of water serves many great purposes; mixing with the air 
it is a vast motive power, for its specific gravity is very low (°6235, air being 
1), and it causes an enlargement of the volume of air; the moist air is 
therefore much lighter, and ascends with great rapidity; the.distillation also 
causes an immense transference of heat from the tropics, where the evapora- 
tion renders latent a great amount of heat, to the extra-tropical region where 
this vapour falls as rain, and consequently parts with its latent heat. The 
evaporation also has been supposed to be a great cause of the ocean currents 
(Maury), which play so important a part in the distribution of winds, 
moisture, aud warmth. : 

For physicians the amount of evaporation is a very important point, not 
merely as influencing the moisture of the air abstractedly, but as affecting 
the evaporation from the skin and lungs. The evaporating power of the air 
is inversely to its relative humidity in a still air; it is of course influenced 
by winds and their temperature, and the vessels and the nerves of the skin 
aro then affected, and evaporation may be accelerated by the physical condi- 
tions of motion and warmth, or may be lessened by the physiological action 
of the wind. The problem is thus a complicated one. (See Cuimars.) 


SECTION VI, 


WIND. 


Direction.—For determining the direction of the wind a vane is necessary. 
It should be placed in such a position as to be able to feel the influence of 
the wind on all sides, and not be subjected to eddies by the vicinity of build- 
ings, trees, or hills. The points must be fixed by the compass ; the magnetic 
declination being taken into account; the declination of the place must be 
obtained from the nearest Observatory ; in this country it is now about 21° 
(or two points) to the westward of true north.* The direction of the wind 
is registered twice daily in the army returns, but any unusual shifting should 
receive a special note. The course of the wind is not always parallel with the 
earth ; it sometimes blows slightly downwards; contrivances have been 
ve pa seedy this, but the matter does et seem important. 

arious are resorted to for giving a complete summary of the winds, 
but these are not required from the medical otic 

Velocity.-A small Robinson's anemometer is now supplied to each station ; 
it is read every twenty-four hours, and marks the horizontal movement in the 
preceding twenty-four hours. : 

This anemometer usually consista of four small cups,} fixed on horizontal 
axes of such a Jength (1-12 feet between two cups), that the centre of a cup, 


* Thua N, magnetic will be N.N.W, true, 8. m tic 8.3.5. trae, and so on. 
ry The carrent of at opponed one-fourth acre by 6 sonenta wakhite ) than by a convex one 
© sane ; 
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in revolving a circle, passes over yyyqth of a mile, the circle being 3-52 feet. 
These cups revolve with a third of the wind’s velocity ; 500 revolutions of 
the cups therefore indicate one mile. By an arrangement of wheels, the 
number of miles traversed by the cups in any given time is registered. 

Osler's anemometer is a large and very beautiful instrument. It registers 
at the same time on a piece of paper fitted ona drum, which turns with 
clockwork, direction, velocity, and pressure. 

Other anemometers, Lind’s, Whewell's, &c., need not be described. 

The average velocity of wind in this country on the surface of the earth is 
from six to eight miles per hour; its range is from zero to 60 or even 70 
miles per hour, but this last is very rare; it is seldom more, even in heavy 
winds, than 35 to 45 miles per hour. In the hurricanes of the Indian and 
China seas it is said to reach 100 to 110 miles per hour. 

Force.—The force of the wind is reckoned as eyual to 80 many pounds or 
parts of a pound on a square foot of surface. Csler’s anemometer registers 
the force as well as the velocity and direction, but Robinson's (used in the 
army) only marks the velocity ; the force must then he caleulated. The rule 
for the calculation of the force from the velocity is as follows :—— 

Ascertain the velocity for one hour by observing the velocity for a minute, 
and multiplying by 60; then square the hour velocity and multiply by -005. 
The result is the pressure in pounds or parts of a pound per aquare foot. , 

The formula is, if V =velucity per hour, 


V? x 005 =P. 
If the force be given, the velocity may be found : 
/200 P= V. 
When no anemometer is in use, the Beaufort scale may be employed, 0 = 
calm, about 3 miles an hour,---and 12 = hurricane, 90 miles and over. 


SECTION VIT. 
CLOUDS (Pirate IX.) 


The nomenclature proposed by Howard* is now universally adopted. 
There are three principal forms and four modifications. 


Principal Forms. 


Cirrus. —Thin filaments, which by association form a brush, or woolly hair, 
or a slender net-work. They are very high in the atmosphere, probably more 
than ten miles, but the exact height isunknown. It has even been questioned 
whether they are composed of water ; if so, it must be frozen, In this climate 
they come from the north-west. 

Cumulue.— Hemispherical or conical heaps like mountains rising from a 
horizontal base ; cumuli are often compared to balls of cotton, 

Stratus.—A widely-extended, continuous horizontal sheet, often forming at 
sunset, 


Modifications. 


Cirro-cumulus,—Small rounded, well-defined masses, in close, horizontul 
arrangement ; when the sky is covered with such clouds it is said to be fleecy. 


Ctrro-etratue.—Horizontal strata or masses, more compact than the cirri ; at 
* Cliainte of Loudon, 
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the zenith they seem composed of a number of thin clouds; at the horizon 
they look like a long narrow band. | Bc | 
Cumulo-stratua.—-Cirro-stratus blended with the cumulus. 4 
Oumulo-cirro-tratus, Nimbus, or Ratn-cloud.—A horizontal ‘sheet above 
‘which the cirrus spreads, while the cumulus enters it laterally or from below. 
Of the above forms Noa. 1, 2, & 3 of the plate (copied by permission from 
Mr‘ Scott’s “ Instructions ”) are “ upper ” clouds: the others are “ lower ” 
clouds. ‘To those described is added the form shown in No. 5, viz., Roll- 
cumulus, which consists of portions of cumulus rolled inte a cylindrical shape, 
and either separate or packed together, as shown in the plate. Alongside the 
names in the plates are contractions, which ought to be used in description. 
Estimation of Amount of Cloud.—This is done by a system of numbere—0 
expreases a cloudless sky, 10 a perfectly clouded sky, the intermediate num- 
bers various degrees of cloudiness. To get these numbers, look midway 
between the horizon and zenith, and then turn slowly round, and judge as well 
as can be done of the relative amount of clear and clouded sky. This is to 
be entered without reference to the thickness of the cloud: the latter may be 
indicated by an exponent applied to the figure for the amount of cloud (0 
slight, 2 great). 


SECTION VIIL 


OZONE.* 


The nature of ozone has been already reforred to (p. 442). 

Papers covered with a composition of iodide of potassium and starch, and 
exposed. to the air, are supposed to indicate the amount of ozone present in 
the atmosphere. Schénbein, the discoverer of ozone, originally prepared such 
papers, and gave a scale by which the depth of blue tint was estimated. Sub- 
sequently similar but more sensitive papers were prepared by Dr Moffat, and 
lately Mr Lowe has improved Moffat’s papers, and has also prepared some 
ozone powders. 

The papers are exposed for a definite time to the air, if possible with the 
exclusion of light, and the alteration of colour is compared with a scale. 

Schénbein’s proportions are—] of pure iodide of potassium, 10 parts 
starch, and 200 parts of water. we's proportion is 1 part of iodide to 5 
of starch; Moffat’s proportion is 1 to 2. The starch should be dissolved in 
cold water, and filtered eo that a clear solution is obtained; the iodide is die- 
solved in another portion of water, and is gradually added. Both must be 
perfectly pure ; the best arrowroot should be used for starch. 

The paper prepared by being cut into élips (so as to dry quicker and to 
avoid loss of the powder in cutting) and soaked in distilled water, is 
in the mixed iodide and starch for four or five hours, then removed with a 
- of pincers, and slowly dried in a cool dark place, in a horizontal position. 

e last point is important, as otherwise a large amount of the iodide drains 
down to one end of the paper, and it is not equally diffused. The papers 
whon used should hang loose in a place protected from the aun and ‘tain: a 
box is unnecessary ; they should not be touched more than can be helped 
with the when they are adjusted. 

When Schiphbein’s papers are used they are moistened with water after ex- 
posure, but before the tint is taken. Moffat’s papers are prepared somewhat . 


ahpire 


© For a fall ecnduntt of the teste for done, ace Dr Fox's work on Onone and Antosons, 1878, 
already referred ta... After discussing all ‘the testa, he gives the to the iodine plan 
He hat uot found Schiabein’s thallium method satisfactory, preference P He. 
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similarly to Schénbein’s, but do not require moistening with water. Mr Lowe 
has lately prepared some very sensitive papers which give very uniform resulte, 

The estimation of ozone is still in a very unsatisfactory state, and this arises 
from. two circumstances. : 

1. The fact that other substances besides ozone act on the iodide of 
potassium, especially nitrous acid, which is formed in some quantity during 
electrical storms. Cloez has shown that air taken about one metre above the 
ground often contains nitrous acid in sufficient quantity to redden litmus. 
Starch and iodide paper is coloured when air contains 00005 of its volume of 
nitrous acid. 

2. The fact that the papers can scarcely be put under the same conditions 
from day to day; light, wind, humidity, and temperature (by expelling the 
free iodine) all affect the reaction. 

Chemical objections have also been made.* Supposing that iodine is set 
free by ozone, a portion of it is at once changed by additional ozone into 
iodozone, which is extremely volatile at ordinary temperatures, and is also 
changed by contact with water into free iodine and iodic acid. Hence a por- 
tion of the iodine originally set free never acts on the starch, being either 
volatilised or oxidised. Again, the iodine and caustic potash set free by the 
ozone combine in part again, and form iodate and iodide of potassium (4th of 
the former and {ths of the latter), and in this way the blue colour 
of iodide of starch first produced may be removed. The ozone may 
possibly, and probably, act on and oxidise the starch itself, and hence another 
error. 

The conclusion arrived at by the Vienna congress was the following: 
“ The existing methods of determining the amount of ozone in the atmosphere 
are insufficient, and the congress therefore recommends investigations for the 
discovery of better methods.” 


SECTION IX. 


ELECTRICITY. 


The instruments used by meteorologists are simple electroscopes, with two 
gold-leaf pieces which diverge when excited, or dry galvanic piles acting on 
gold-leaf plates or an index attached to a Leyden jar (Thomson's Electrometer). 

‘or further details see Scott’s “ Instructions,” op. cit. 


SECTION X. 
THERMOMETER STAND. 


A stand is iseued by the War-office, and will be provided at every station. 
Or it would be very easy to make a stand by two or three strata of boards, 
placed about 6 inches apart, so as to form akind of sloping roof over the ther- 
mometers, which are suspended on a vertical board. 

The dry and wet bulb thermometers are placed in the centre ; the maximum 
on the right side, and the minimum on the left. The wood should be cut 
away behind the bulbs of the maximum and minimum thermometers, #0 as to 
expose them freely to the air. The bulbs of the dry and wet bulbs should 
also fall below the board. In the regular stands, the pole is made to rotate, 
Bo as to turn the roof always to the sun, 

A much better stand is Stevanson’s screen, a square or oblong box, with 


© Beitsge mur Osonometrie, von Drv, Masch ; Archiv. fir Wiss. Heilk, band. iL p. 29. 
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louvred sides and open below. This is raised upon legs four feet from the 
placed upon grass, (See Scott's “ Instructions, ” fig. 10, p. 41). 


SECTION XL 
WEATHER, 


In registering the kind of weather it is well to adhere to the Beaufort nota- 
tion and symbols, which are carefully explained in Scott's “Instructions.” 
Columns are given in the return to be filled up in this way. 


SECTION Xi, 
' DISEASES AND VARIATIONS IN THE METEOROLOGICAL 
ELEMENTS, 


The variation in the prevalence of differetit diseases at a particular place, 
in connection with the simultaneous variation of meteorological elements, is 
an old inquiry which has at present led to few results, The reason of this is, 
that the meteorological elements are only a few out of a great many causes 
affecting the prevalence and severity of diseases. Consequently, in order to 
estimate the real value of changes of temperature, pressure, humidity, ozone, 
&c., the other causes of disease, or of variations in prevalence or intensity, 
must be recognised and eliminated from the inquiry. The best of the late o 
servations are those, by Guy, Ransome, Vernon, Moffat, Tripe, Scoresby- 
Jackson, and Ballard.* The observations of the last-named observer are very 
elaborate and careful, but I hesitate to cite them as certain until they are con- 
firmed. They indicate a rise in the amount of sickness with a rise in tempera- 
ture, but that certain supplementary meteorological conditions (such as the 
temperature of the night, the daily range, variations in humidity, rainfall, 
direction of wind), all affect the result. The amount of previous change in 
the amount of sickness also influences, and in fact it is evident that the 
problem is in a high degree complicated. 


' Medico-Chirurgical Transactions, vol. i. p. 50. 


CHAPTER XVL 
INDIVIDUAL HYGIENIC MANAGEMENT. 


Tas subject is an extremely large one, and the object of this book does not 
allow me to discuss it. It would require a volume to itself. I can merely 
here make a few very general remarks. The application of general hygienic 
rules to a particular case constitutes individual management. 

It is impossible to make general rules sufficiently elastic, and yet precise 
enough, to meet every possible case. It is sufficient if they contain principles 
and precepts which can be applied. While individual hygiene should be a 
matter of study to all of us, it is by no means desirable to pay a constant or 
minute attention to one’s own health. Such care will defeat ita object. We 
should only exercise that reasonable care, thought, and prudence which, in a 
matter of such moment, every one is bound to take. 

Every man, for example, who considers the subject bond jide, is the beat 
judge of the exact diet which suits him. If he understands the general prin- 
ciples of diet, and remembers the Hippocratic rule, that the amount of food 
and exercise must be balanced, and that evil results from excess of either, he 
is hardly likely to go wrong. 

“ Temperance and exercise,” was the old rule laid down, even before 
Hippocrates,* as containing the essence of health ; and if we translate temper- 
ance by “ sufficient food for wante, but not for luxuries,” we shall express 
the present doctrine. ‘ 

The nutrition of the body is so affected by individual peculiarities, that 
there is a considerable variety in the kind of food taken by different persons. 
The old rule seems a good one, viz., while conforming to the general principles 
of diet, not to encourage too great an attention either to quantity or to quality, 
but avoiding what experience has shown to be manifestly bad, either generally, 
or for the particular individual, to allow a considerable variety and change in 
amount from day to day, according to appetite.t Proper and slow mastication 
of the food is necessary ; and it is extraordinary bow many affections of the 
stomach called dyspepsia arise simply from faulty mastication, from deficient 
teeth, or from swallowing the food too rapidly. Many persons who are too 

® nt 
aoa en aa a Fre, ramen ae 
po tegre of the development of mechanical force from, and its relation to, food. He lays down 

to show when the diet is in excess of exercise, or the exerciue in excusu of diet. either 
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thin are so from their own habits ; they eat chiefly meat, and eat it very fast; 
they should eat slowly, and take more bread and starchy substances. Fat 
persons, on the other hand, by lessening the amount of starch, and taking 
more exercise, can lessen with the greatest ease the amount of fat to any 
amount. It must be remembered, however, that there is a certain individual 
conformation in this respect ; some persons are normally fatter or thinner than 


The exact amount of exercise must also be a matter of individual decision, 
it being remembered that great exercise in the free air isa paramount condition 
of health, and that the healthiest persons are those who have most of it. As 
a rule, persons take far too little exercise, especially educated women, who are 
not obliged to work, and the muscles are too often flaccid and ill-nourished.* 

Attention to the skin is another matter of personal hygiene. The skin 
must be kept perfectly clean, and well clothed. Some writers, indeed, have 
advised that, if food be plentiful, few clothes be worn; but the best 
authors do not agree in this, but recommend the surface to be well protected. 
For cleanliness, cold bathing and friction hold the first rank. The effect of 
cold is to improve apparently the nutrition of the skin, so that it afterwards 
acts more readily, and when combined with friction, it is curious to see how 
the very colour and texture of the skin manifestly improve. 

The effect of heat on the skin, and especially the action of the Roman or 
Turkish baths, and their action on health, have certainly not yet been proper] 
worked out, in spite of the numerous papers which have been written. tt 
has not been proved that the strong action of the Turkish bath is more 
healthy in the long run than the application of cold water. Asa curative 
agent, it is no doubt extremely useful; but as a daily custom, it is yet sub 

judice, Certainly it should not be used without the concluding application 
of cold to the surface. 

Attention has been often very properly directed to the effect of lead and 
mercurial hair-dyes. It may be worth while to notice that there is a case on 
recordt in which not only was paralysis produced by a lead hair-wash, but 
lead was recovered from the base of the left hemisphere of the brain. Snuif 
containing lead has also caused poisoning. 

The care of the bowels is another matter of personal hygiene, and is a matter 
of much greater difficulty than at first sight appears. Constipation, as 
allowing food to remain even to decomposition, as leading to distention and 
sacoulation of the colon, and to hemorrhoids, is to be avoided. But, on the 
other hand, the constant use of purgative medicine is destructive of digestion 
and proper absorption; and the use of clysters, though less hurtful to the 
stomach, and less objectionable altogether, is by no means desirable. On the 
whole, it would seem that proper relief of the bowels can be usually insured 
by exercise, and especially by bringing the abdominal muscles into play, and 
by the use of certain articles of diet—viz., pure water in good quantity with 
meals, the use of bran bread, honey, and such gently laxative food ; and that 
if these do not answer well, it is better to allow a certain amount of constipa- 
tion than to fall into the frequent use of purgative medicines. : 

The tion of the passions must also be left to the individual. The 
control of morals has ba the exertions of the priest and the statesman ; 
but perhaps the influence of sexual irregularities on health has never been 


* Compare the imperfect development of the muacies of the arms ia ladies, as chown by the 
low evening : with the women of the working clases He ons anh dente whist te 
rgrniermnpntlbeay taphacy lease yharrtsaabe until excess of work develops in the muscles of the 


women 
*+ # Archiv, band viii. p. 177. 





INDIVIDUAL HYGIENIC MANAGEMENT. 471 


made the subject of judicious education. The period of puberty corresponds 
with the most important period of growth, when the bones are consolidating | 
and uniting, and both muscles and nerves are largely absorbing nourishment, 
and are developing to their fullest power. The too early nse of sexual con- 
gresa, and even more the drain on the system produced by solitary vice, arrests 
this development to a considerable extent, and prevents the attainment of the 
strength and endurance which would insure a healthy, vigorous, and happy 
life. The venereal diseases, Which so waste many of the younger men, form 
only an item in the catalogue of evila—evils which affect at a subsequent 
period wives and children, and by undermining the health and happiness of 
the family, influence the state itself. We know that a wide-spread profligacy 
has eaten away the vigour of nations, and caused the downfall of states; but 
we hardly recognise that, in a less degree, the same causes are active among 
us, and never realise what a state might be if its citizens were temperate in 
all things. It may be difficult to teach these points to the young, and to urge 
upon them, for their own and other's sakes, the regulation of the passions 
which physiology teaches to be necessary for personal happiness, for the 
welfare of the offspring, and for healthy family life; but I think few can 
doubt that, in some way, the knowledge should be given. 

The amount of mental work, and the practice of goneral good temper and 
cheerfulness and hope, are other points which each man must himself control. 
Great mental work can be borne well if hygienic principles of diet, exercise, 
&c., be attended to. The old authors paid great attention to the regimen of 
men engrossed in literary work, and laid down particular rules, insisting 
especially on a very careful and moderate diet, and on exercise.* 

Hope and cheerfulness are great aids to health, no doubt, from their effect 
on digestion. Usually, too, they are combined with a quick and active 
temperament, and with rapid bodily movements and love of exercise, 

The individual application of general hygienic rules will differ according to 
the sex and age,f and the circumstances of the person. In the case of 
children, we have to apply the general rules with as much caution and care as 
possible, as we must depend on external evidence to prove their utility. In 
the case of adults, individual experience soon showa whether or not a pre- 
scribed rule is or is not beneficial, and what modification must be made in it. 
It is not, however, every grown person who has the power to modify or 
change his condition. He may be under the influence of others who, in fact, 
arrange for him the circumstances of his life. But still, in no case is all aelf- 
control taken away; the individual can always influence the conditions of 
his own health. 

Were the laws of health and of physiology better understood, how great 
would be the effect! Let us hope that matters of such great moment may 
not always be considered of less importance than the languages of extinct 
nations, or the unimportant facts of a dead history. 


* Plutarch, whose rules on health are excellent and chiefly taken from Hippocrates, compares 
the over-atudious man to:the camel inthe fable, who, refusing to ease the ox in due time of his 
eh ee ey ae ee eee load, but the ox himself, when he died 

Galen was the first who out explicitly that hy rules must he different for 
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of Health, and the Art of Preserving it, 1758.) 


CHAPTER XVIL 
DISPOSAL OF THE DEAD. 


In densely populated countries the disposal of the dead is always a ques- 
tion of difficulty. Ifthe dead are buried, so great at last is the aceumula. 
tion of bodies that the whole country round a great city becomes gradually a 
vast cemetery.* In some soils the decomposition of bodies is very slow, and 
it is many years before the risk of impurities passing into sir and water is re- 
moved. 

After death the buried body returns to its elementa, and gradually, and 
often by the means of other forms of life which prey on it, a large amount of 
it forms carbonic acid, ammonia, sulphuretted and carburetted hydrogen, 
nitrous and nitric acids, and various more complex gaseous producta, many 
of which are very foetid, but which, however, are eventually al oxidised into 
the simpler combinations. The non-volatile substances, the salts, become con- 
stituents of the soil, pass into planta, or are carried away into the water per- 
colating through the ground. The hardest parts, the bones, remain in some 
soils fpr many centuries, and even for long periods retain a portion of their 
animal constituents. 

If, instead of being buried, the body is burned, the same process occurs 
more rapidly and with different combinations ; carbonic acid, carbonic oxide (}), 
nitrogen, or perhaps combinations of nitrogen, water, dic., are given off, 
and the mineral constituents, and a little carbon, remain behind. 

A community must always dispose of its dead either by burial in land or 
water, or by burning, or chemical destruction equivalent to burning, or by 
embalming and preserving. Accustomed as we are to land burial, there is 
something almost revolting, at first sight, at the idea of making the sea the 
aepulchre, or of burning the dead. Yet the eventual dispersion of our frames 
is the same in all cases; and it is probably a matter merely of custom which 
makes us think that there is a want of affection, or of care, if the bodies of the 
dead are not suffered to repose in the earth that bore them. 

In reality, neither affection nor religion can be outraged by any manner of 
disposal of the dead which is done with proper solemnity and respect to the 
earthly dwelling-place of our friends. The question should be placed entirely 
on sanitary grounds, and we then shall judge it rightly. 

What, then, is the best plan of disposing of the dead, so that the living 
may not suffer 

It seems hardly likely that the practice of embalming or mummifying will 

* No , testifies more strong extent 
etties to Anetchin thas the vest sepuichral ranzins. "Gn the alte of Old ma the smother 
of Troy, and atrejching from the Hellespont for two or three miles into the the wholb 
country ia honeycombed with tombe. Te te the same in the bourkood of ‘ 
burial of the dead, though practioed by the most 
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ever again become common. What is the use of preserving for a few more 
years the remains which will be an object of indifference to future genere- 
tions? The next logical step would be to enshrine these remains in some way 
so as to insure their ation, and we should return to the vast burial 
mounds of Egypt. question will lie between burial in the land or at sea, 


and burning. 

At present the question is not an urgent one; but if the population of 
Europe continues to increase, it will become eo in another century 
or two. Already in this country we have seen, in our own time, a great 
change ; the objectionable practice of interment under and round churches in 
towns has been given up, and the population is buried at a distance from 
their habitations. For the present that measure will probably suffice, but in 
a few years the question will again inevitably present itself. 

Burying in the ground appears certainly the most insanitary plan of the 
three methods. The air over cemeteries is constantly contaminated, and water 
(which may be used for drinking) is often highly impure. Hence, in the 
vicinity of graveyards two dangers to the population arise, and in addition, 
from time to time, the disturbance of an old graveyard has given rise to 
disease. It is a matter of notoriety that the vicinity of graveyards is 
unhealthy. How are these dangers to be avoided? The dead may be buried 
in more or less air-tight vaults ; here decay is alow ; the products form and 
escape slowly, though they must eventually escape ; the air and water are less 
contaminated, But the immense expense of such a plan renders it impossible 
to adopt it for the community generally. Deep burying has the advantage 
of greater filtration, both for air and water, than shallow burying, and hence 
it is a good rule to make the grave as deep as possible, and to allow no more 
than one body in a grave. The admixture of quicklime has been advised ; 
it absorbs some carbonic acid, and forms sulphuret of calcium with the sulphur 
and sulpburetted hydrogen, but this itself soon decomposes, so that. the ex- 
pense of quicklime seems hardly commensurate with the result. Charcoal 
would absorb and oxidise the fetid organic matter, and, if sufficiently cheap, 
would be a valuable substance to be heaped in graves ; but its cost would be 
probably too great, nor does it entirely hinder putrefaction and the evolution 
of foul-smelling substances (H. Barker). Ifa Sods has to be kept unburied 
for some time, sawdust and sulphate of zinc, in the proportion of two parts to 
one, has been found by Herbert Barker,* to be the best application ; a thin 
layer is put over the dead body ; or sawdust is sprinkled on the body, and 
then two or three ounces of carbolic acid thrown over it. 

The only means which present themselves, as applicable in all cases, are the 
deep burial and the use of planta, closely placed in the cemetery. There ia no 
plan which is more efficacious for the absorption of the organic substances, 
and perhaps of the carbonic acid, than planta, but it would seem a mistake to 
use only the dark, slow-growing evergreens, The object should be to get the 
most rapidly growing trees and shrubs, and, in fact, there is no reason, except 
a feeling of sentiment, why we should introduce into our cemeteries the gloomy 
and melancholy pt pee a Mr Seymour Haden has called attention 
to the supposed advantages of perishable coffins, so that the putrefactive 
changes may be carried out as quickly as possible. And certainly, if burying 
is to continue, it seems reasonable that no undue obstacle should be placed in 


‘When, in the course of years, it becomes im ive to reconsider this ques- 
tion, and land burial will have to Se mcdied meas naan will present 
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themselves to maritime nations in favour of burying in the sea rather than of 
burning, It is true that the impurities in burning can be well diffused into. 
the atmosphere at large, and would not add to it any perceptible impurity. 
But if the burning is not complete, foetid organic matters are given off, which 
hang cloud-like in the air and may be perceptible, and even hurtful Asa 
matter of expense, too, the system of incremation would be greater than the 
burial at sea. In the burial at sca, some of the body at least would go at once 
to support other forms of life, more rapidly than in the case of land burial, 
and without the danger of evolution of hurtful products. 

Burning, or cremation, has attracted much attention of late years. In this 
country the subject has been discussed by Sir Henry Thompson and “Mr 
Easeie, and abroad much has been written, especially in Germany and Italy, in 
both which countries the method has been practically tried. It would certainly 
appear that the body can be disposed of in a very short time and in an 
inoffensive manner, while the expense would unquestionably be much reduced 
if the practice became general. 

In time of war, and especially in the case of beleagured fortresses, the dis- 
posal of the dead becomes often a matter of difficulty, In that case burning 
may have to be resorted to, If the bodies are buried, they should always be 
at as great a distance as possible, and as deep as they can be. If procurable, 
charcoal should be thrown over them ; if it cannot be obtained, sawdust and 
sulphate of zinc, or carbolic acid may be employed. Quicklime is also com- 
monly used, but is less useful. © 

At Metz, in 1870, the following plan was adopted :—A pit of about 17 
feet in depth was filled with dead, disposed of as follows :—A row of bodies 
was laid side by side ; above this a second row was placed, with the heads 
laid against the feet of the first row ; the third row were placed across, and the 
fourth row in the same way, but with the heads to the feet of the former ; 
the fifth row were placed as No. 1, and so on. Between each layer of bodies 
about an inch of lime, in powder, was placed. From 90 to 100 bodies were 
thus arranged on a length of 64 feet, and reached to about 6 feet from the 
surface ; the pit was then filled up with earth, and though 8400 bodies were 
put in that pit, there were no perceptible emanations at any time. 

Around Metz the graves of men and horses and cattle were disinfected with 
lime, charcoal, and sulphate of iron. Immense exertions were made to clean and 
disinfect the camps and battle-fields, and in the month of May 1871, from 
1200 to 1600 labourers were employed by the Germans. "Wherever practicable, 
the ground was sown with oats or barley, or grass. The hillocks formed by 
the graves were planted with trees. 

In many cases, at Metz, bodies were dug up by the Germans when there 
was any fear of water-courses being -contaminated, or if houses were near. 
On account of the danger to the workmen, graves containing more than six 
bodies were left untouched, and the work was always done under the 
immediate superintendence of a ie desea The earth was removed carefully, 
but not far enough to uncover the corpse; then one end of the corpee was 
uncovered, and as soon as uniform or parte of the body were seen, chloride of 
lime and sawdust, or charcoal and carbolic acid, put in ; the whole earth round 
the body was thus treated, and the noes Ae, alace bare, lifted and carried 
away. The second body was then tzeated in the same way. 

ear Sedan, where there were many bodies very superficially 
burning was had recourse to. Straw mixed with pitch was put into the 
Sum atid. wag lighted: 1 ton of pitch sufficed for from 15 to 20 bodies, 
the 


ee and it is not certain how 
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body was burnt, and when many bodies were together in one grave some 
were not touched at all. On the whole, the experiment appears to have bean 
unsnoceasful, 

The Belgian experience at Sedan was in favour of employing chloride of 
lime, nitric acid, sulphate of iron, and chlorine gas, Carbolic acid did not 
answer 80 well, The sulphate of zinc and charcoal, which Barker found so 
useful, was not tried, 

Mr Eassie has lately called attention to the desirability of an ambulatory 
cremation furnace for the disposal of bodiesin war, If auch an arrangement 
proved practicable, it would unquestionably be of immense advantage ftom a 
Hygienic point of view. 


CHAPTER XVIII 


ON THE PREVENTION OF SOME IMPORTANT AND 
COMMON DISEASES. 


Tsmne are two modes by which we may attempt to prevent the occurrence of 
disease, 

1. By conforming with the general rules of hygiene, by which the body 
and mind are brought into a state of more vigorous health. 

2. By investigating and removing the causes of the diseases which we find 
actually in operation. This part of the inquiry is in fact a necessary supple- 
ment to the other, though in proportion to the observance of the general rules 
of hygiene, the causes of disease will gradually be removed. At present, 
however, we have to deal with the facts before us,—viz., that there are a 
great number of diseases actually existent which must form the subject of 
investigation, "We proceed in this case from the particular to the general, 
whereas, in the first mode, we deduce general rules which have to be applied 
to individual instances. 

Hygiene is in this direction an application of etiology, and etiology is the 
philosephy of medicine; while in its turn the very foundation and basis of 
etiology is an‘accurate diagnosis of disease, Unless diseases are completely 
identified, all inquiry into causes is hopeless. Let us remember, for example, 
what utter confusion prevailed in our opinions as to causes and preventive 
measures at the time when typhus and typhoid fevers were considered 
identical, or when paroxysmal fever and the true yellow fever or vomito were 
thought to owna common cause. Any useful rules of prevention were simply 
impossible—as impossible as at present in many of the diseases of nutrition, 
which, in the proper sense of the word, are yot undiagnosed. 

The advance of diagnosis has of late years been owing not merely to 
improved methods of observation, but to the more complete recognition of the 
great principle of the invariableness of causation. The sequence of phenomena 
in the diseased body proceeds with the same regularity and constancy as in 
astronomy or chemistry. Like causes always produce like effecta, To 
suppose that from the same cause should proceed a sequence of phenomena s0 
utterly distinct as those of typhus and typhoid fever, now seems incredible ; 
yet with e full, or at any rate a sufficient, knowledge of the phenomena, it 
was at one time almost universally believed that these two perfectly distinct 
diseases owned a common origin. At the present moment, the superficial 
resemblance between gout and rheumatiem causes them to be put together in 
almost all systems of nosology, although, with the exception of the joints 
being affected, the diseases have almost nothing in common. 

In proportion as this great principle is still more constantly applied, and as 
our means of diagnosis advance, and consequently, causes are more eatis- 


factorily investigated, methods of prevention will become obvious and precise, 
At presen: are very far from being 20. In cases they are founded 
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It is not. necessary, however, that we should wait until the causation of 
any disease is erg flr pei ‘We must act, as in eo many other 
affaira, on probability ; and endeavour to remove those conditions which, in 
the present state of our knowledge, seem tobe the most likely causes of the 
disease. It may be that, in some cases, we may be attacking only subsidiary 
or minor causes, abd may overlook others equally, or more important. In 
some cases, indeed, we may overlook entirely the effective causes, and may be 
fighting with shadows. Still, even from mistakes, progress often arises— 
indeed, the difficult path of human knowledge is perhaps always through 
error. 

The term cause is applied by logicians to any antecedent which has a share 
in producing a certain sequence ; and it is well known that in many diseases 
two sets of causes are in operation—one external, and one internal to the body 
(exciting and predisposing). The investigation of the internal causes, which 
in some cases are necessary to the action of the external causes, is equally 
curious and intricate as that of the external causes, and in some respects it is 
even more obscure ; but measures of prevention must deal with them, as well 
as with the external causea, 

In this chapter I can, of course, only venture to enumerate very briefly, 
and without discussion, what seom to be the best rules of prevention for the 
principal diseases of soldiers. To enter on the great subject of the prevention 
of disease generally, and to discuss all the complicated questions connected 
with causation, would demand a volume, 

I have endeavoured to preserve the simple and practical character which I 
have attempted to give to the other parts of this manual. 


SECTION L 
THE SPECIFIC DISEASES,* 


Paroxysmal Fevers. 


External Oause,—This is presumed to be putrescent, or at any rate, 
decomposing vegetable matter (see pp. 44, 111, and 331), derived from a 
moist and putrescent soil, which is carried into the body by the medium of 
water or of air.t 

If by water, a fresh source must be obtained. Well water is generally 
safe, but not always. Rain water may be unsafe, if the tanks are not clean. } 
If a fresh source cannot be obtained, boiling, charcoal filtration, and alum 
ap to be the best preventive measures. § 

the introduction be by air, and if the locality cannot. be left, the most 
approved plan is elevation to at least 500 feet above the source of the poison 
in temperate climates; and 1000 to 1500 feet in the tropica, or higher still, 
if possible.|| If this plan cannot be adopted, two points must be aimed at-—~ 


*® In enumerating these diseases, I have followed simply a convenient order, and have on! 
referred to the most common, diseases of sold ply ne 
i have woe thought See aie dale ae 
palma cones interment, or to other shaiir vows; they rouive sere estigation before 
we can practically act on them. 
+ For instance.of propagation by so-called rain-water, ese.cases.at Tilbury. Fort, noted at 
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viz, to obviate local, and to avoid drifting analecis, Thordagh subsoil 
raining { filling up moist ground when practicable ; paving or covering the 
ground with herbage kept closely cut, are the best plans for the first point, 
For the second, belts of trees, even walls can be interposed ; or houses can be 
so built, as not to present openings towards the side of the malarious 
currente, 
The houses themselves should be raised above the ground on arches ; or, if 
wooden, on piles. Upper floors only should be occupied. The early morning 
air, for three hours after sunrise, should be avoided ; and next to this, night 


alr. 

. Internal Causes,—-The conformation, or structural condition, which permits 
the external cause to act, is evidently not equal in different individuals, or in 
different races ; but we are quite ignorant of ite nature. It is not removed by 
attacks of the disease ; but, on the contrary, after repeated attacks of ague, a 
peculiar condition (of the nerves?) is produced, in which the disease can be 
brought on by causes, such as cold or dietetic errors, which could never have 
caused it in the first instance. The internal predisposition is greatly 
heightened by poor feeding, anemia, and probably by scurvy. 

To remove the internal causes our only means at present are the administra- 
tion of antiperiodics, especially quinine ; and good and generous living, with 
iron medicines. The use of flannel next the skin, and of warm clothing 
generally ; warm coffee, and a good meal before the time of exposure to the 
malaria, and perhaps moderate smoking (7), are the other chief measures. 
Wine in moderation is part of a generous diet ; but spirits are useless, and 
probably hurtful, unless given considerably diluted, 


Yellow Fever. 

External Cause.—During the last few years the progress of inquiry has 
entirely disconnected true yellow fever from malaria, though yellowness of 
the skin is a symptom of some malarious fevers. Yellow fever is a disease of 
cities and of parts of cities, being often singularly localised, like cholera. In 
the West Indies it has repeatedly attacked a barrack (at Bermuda, Trinidad, 
Barbadoes, Jamaica), while no other place in the whole island was affected. 
In the same way (at Lisbon, Cadiz, and many other places) it has attacked only 
one section of a town, and, occasionally, like cholera, only one side of a street. 
In the West Indies it has repeatedly commenced in the same part of a barrack. 
In all these points, and in its frequent occurrence in non-malarious places, in 
the exemption of highly malarious places, in its want of relation to moisture 
in the atmosphere, and ite as evident connection with putrefying fecal and 
other animal matters, its cause differs entirely from malaria.* 

If these points were not sufficient, the fact that the agent or poison 
which causes yellow fever is portable, can be carried and introduced among a 
community,t and is increased in the bodies of those whom it attacks, indicates 
that the two agencies of yellow fever and paroxysmal fevers are entirely 
distinct. t 


bd The belief in the malarious origin of yellow fever, so long and tenaciously held by many 
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That. ‘point being considered settled, the inquiry into the conditic 
of spread of. the yallow fever becomes easier. Tha pda Siem oc ae 
quent and regular loceligation and its transportation. The localisation at 
once disconnects it with any general atmospheric wave of poison ; it is no 
doubt greatly influenced by temperature, and is worse when the temperature 
‘js above 70° Fahr. Though it will continue to spread in a colder sir Was 
formerly supposed, it does not spread rapidly, and appears to die out, but 
even temperature does not cause it to become pices in a place, 

The localising causes are evidently (cases of Lisbon, Gibraltar, West Indies, 
&c.) connected with accumulation of excreta round dwellings, and overcrowd- 
ing. Of the former there are abundant instances, and it is now coming out 
more and more clearly that, to use a convenient phrase, yellow fever, like 
cholera and typhoid fever, is a frecal disease, And here we find the explana- 
tion of its localisation in the West Indian barracks in the olden time. Round 
every barrack there were cesspite, often open to sun and air. Every 
evacuation of healthy and sick men was thrown into perhaps the same places. 
Grant that yellow fever was somehow or other introduced, and let us 
assume (what is highly probable) that the vomited and fmcal matters spread 
the disease, and it is evident why, in St James’ Barracks at Trinidad, or St 
Ann's Barracks at Barbadoes, men were dying by dozens, while at a little 
distance there was no disease, The prevalence on board ship is as easily 
explained : Granted that yellow fever is once imported into the ship, then 
the conditions of spread are probably as favourable as in the most crowded 
city ; planks and cots get impregnated with the discharges, which may even 
find their way into the hold and bilge. No one who knows how difficult it 
is to help such impregnation in the best i a on shore, and who remem- 
bers the imperfect arrangements on board ship for sickness, will doubt this. 
Then, in many ships, indeed in almost all in unequal deyrees, ventilation is 
most imperfect, and the air is never cleansed, 

Overcrowding, and what is equivalent, defective ventilation, is another great 
auxiliary ; and Bone* relates several atriking instances. f 

The question of the origin of yellow fever is one which cannot be considered 
in this volume, and at present no preventive rules of importance can be drawn 
from the discussion. 

The chief preventive measures for the external cause are these :—— 

1, The portability being proved, the greatest care should be taken to prevent 
introduction, either by sick men, or by men who have left an infected ship. 
The cage of the “ Annie Marie ” (see “ Aitken’s Medicine,” and “ Report on 
Hygiene ” in the “ Army Medical Report” for 1862) has made it quite un- 
certain what period of time should have elapsed before an infected ship can 
be considered safe ; in fact, it probably cannot be safe until the cargo has been 

i and the ship thoroughly cleansed. Still, it appears, that if men 
leaving an affected place or ship pass into places well ventilated and in fair 
sanitary condition, they seldom carry the disease ; in other words, the disease 
is seldom portable by men, but it will occur. It appears necessary, also, to 
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consider that the ineubative petiod is longer than usually supposed, peobabl 
aften fourteen or sixteen days. In the case of a ship it seems deaitable ne. 
to eonsider danger over until at least twenty days have elapsed sinee the.care 
or death of the last case, and even at that time to thoreughly fumigates the 
ship-with chlorine and nitrous acid before the cargo is touched. Men work- 
ing on board euch a ship should work by relays, so as not to be more than 
an hour at a time in the hold.* Pe 

In case men sick with yellow fever must be received into a barrack or 
hospital, they should be isolated, placed in the best ventilated rooms at the 
top of the house, if possible, or, better still, in separate houses, and all dis- 
charges mixed with zinc sulphate and zinc chloride, and separately disposed 
of, and not allowed to pass into any closet or latrine. 

2. The introduction by drinking-waters not being disproved, care should 
be taken that the possibility of this mode of introduction be not overlooked. 

3. Perfect sewerage and ventilation of any station would probably in great 

measure preserve from yellow fever, but in addition, in the yellow fever sone, 
elevation is said to have a very great effect, though the confusion between 
malarious fevers and the vomito renders the evidence on this point less 
certain, and the late introduction into Newcastle in Jamaica (4200 feet), and 
the frequent occurrence at Xalapa (4330 feet), as well as ite prevalence on 
high points of the Andes (9000 feet) (A. Smith), show that the effect of mere 
elevation has been overrated. Still, as a matter of precaution, stations in all 
yellow-fever districts should be on elevations above 2000, and if possible 3000 
foet. 
4. If an outbreak of yellow-fever occur in a barrack, it is impossible then 
to attempt any cleansing of sewers ; the only plan is to evacuate the barracks, 
This has bean done many times in the West Indies with the best effecta, As 
@ preventive measure, also, evacuation of the barracks, and encampment at 
some little distance, is a most useful plan. Before the barrack is re-occupied, 
every possible means should be taken to cleanse it ; sewers should be 
thoroughly flushed ; walls scraped, lime-washed, and fumigated with nitrous 
acid, Ifa barrack cannot be altogether abandoned, the ground-floors should 
be disused. There are several instances in which persons living in the lowest 
storey have been attacked, while those above have escaped. 

5. In all buildings where sick are, or where yellow-fever prevails, there 
should be constant arm ree with nitrous acid, which seems to be, as far as 
we know, the best disinfectant.for this disease. 

6. If it appears on board ship, take the same precautions with reg§ed -to 
evacuations, bedding, &c. Treat all patients in the open air on deck, if the 
weather it ; run the ship for a colder latitude ; land all the sick as acon 
as possible, and cleanse and famigate the ship. 

nternal Cause.-Recent arrival in a hot country has been usually assigned 
as a cause, but the confusion between true yellow fever and severe febriouls 
{ardent fever or causus) and malarious fevers, renders ituncertain how fer this 
cause operates.t Still, as a matter of precaution, the present plan of three or 
a tn an Aaa aaa enna arena nnEEEER aE an pinta ane a) 


* Dr Perry (op. cit.) considers quarantine use and advises a most rigorous systenvot’ 
disinfection. Ue cites sight instance of the i of yellow. ' 3 
one to Pensacol 


ry ' 
’ 


He fever through « striet 
 peven | a 
+ In the old times in Jamaica it was, howerer, always noticed that the worst attacks ccourred 


in regimente during the first twenty-four, and the first twelve monte.  heweing-wl 


. ’ 
woe . 
xu . 
1 ' eo Ae 
¥ ' 
’ . bs 7 ; a 
r } 7° ‘ 
‘ 
A ¥ : : 
. 
‘ 
* 


ae service before passing to the West Indies seanie 
i ’ Different races possess the iar habit which allows the external 
cause to act in very different degrees ; thisis marked in the cases of negroes 
and mulattoes as compared with white men, but even in .the E nations 
it has been that. the northern are more subject than the southern 
nations. Of the sexes, women are said to be less liable than men. . 

abinad wilh expocdre fo the mun, by aking, and by improper foot 2 
eombir i beture to sun; by drinking, an improper of 
any kind which lowers the tone of the body. eee 

No prophylactic medicine is known ; quinine is quite useless, 

Little, therefore, can be dons to avert the internal causes, except care in not 
undergoing great fatigue, temperance, and proper food. The external condi- 
tions are the most important to attend to. 


Dengue. 

This disease, which has attracted much attention of late years, appears to 
bear some relation to yellow fever, not in its pathological characters, but in 
the time of ite appearance and geographical distribution. It has, however, 
prevailed in Asia, where yellow fever has hitherto been unknown, In 
Egypt (according to Vauvray) it is seen at the time of the date-harvest, and 
is known as “ date fever.” In other parts of the world it has been attributed 
to vegetable emanations, Although ita symptoms are those of blood-poisoning, 
it may be doubted if this is due to vegetable emanations only. No preventive 
is known, but as it is accompanied with an eruption, it would probably be 
reasonable to deal with it as with other eruptive diseases, such as measles, 


Cholera. 


External Cause.—As in the case of yellow fever, we have no certain clue 
to the origin of cholera,t and in some respects the propagation of the disease 
is very enigmatical. The way, for example, in which the disease has spread 
over vast regions, and has then entirely disappeared,} and the mode in which 
it seems to develop and decline in a locality, in a sort of regular order and at 
certain seasons, are facts which we can only imperfectly explain. 

But as far as preventive measures are concerned, the researches of the last 
few years seem to have given us indications on which we are bound tw 
act, though they are based only on a partial knowledge of the laws of spread 
of this poison. 

Theee indications are— 

1. The portability of the disease, 7.e., the carriage of cholera from one place 
to another by persons ill with the disease, both in the earliest stage (the so- 
called premonitory diarrhoea), and the latter period, and in convalescence.§ 

carriage by healthy persons coming from infected districts is not so 
certain ; but there is some evidence.|| It is clear this last point is a most 


# * Arnold, Bilious Remittent Fever, 1840, p, 82. 
+ The researches of Lewis and of D. D. Camningham in India, and of Eberth* of Zdrich, have 
on ak ee ee has been yet discovered, and have disproved the fungoid and other 
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important one, in ‘which it is desirable to have more complete evidence, The 
oceasional carriage by soiled clothes, though not on the whole common, has 
also evidence in its favour. All these points were affirmed by the Vienna 
conference of 1874. Even Pettenkofer admitted that man is the carrier of 
the disease germ, although the locality may be the means of rendering it 
potent. On the other hand, Dr J. M. Cuningham (Ninth Annual Report 
of the Sanitary Commissioner with the Government of India) makes a fabula 
rasa of pastes Ok denies the transportability of the disease either by persons 
or by water, and says there is a mysterious factor still to be sought for. His 
evidence, however, cannot be considered as conclusive. 

Whatever may be the final opinion on all these pointa, we are bound to act 
as if they were perfectly ascertained. It is usually impossible to have rigid 
quarantines ; for nothing short of absolute non-communication would be 
useful, and this is impossible except in exceptional cases. For persons very 
slightly ill, or who have the disease in them but are not yet apparently ill, or 
possibly who are not and will not be ill at all, can give the disease, and 
therefore a selection of dangerous persons cannot be made. Then as the 
incubative stage can certainly last for ten or twelve days, and there are some 
good cases on record where it has lasted for more than twenty, it is clear that 

uarantine, unless enforced for at least the last period of time, may be useless. 
The constant evasions also of the most strict cordon render such plans always 
useless, An island, or an inland village, far removed from commerce, and 
capable for a time of doing without it, may practice quarantine and preserve 
itself ; but, in other circumstances, both theory and actual experience show 
that quarantine fails.* 

This difficulty, however, of carrying out efficient isolation is no argument 
against taking every precaution against communication, and keeping a atrict 
watch and control over every possible channel of introduction. In this way, 
by isolation of the individual, or of bodies of men, as far as possible, and by 
looking out for and dealing with the earliest case, an outbreak may perhaps 
be checked, especially hy discovering the diarrhoeal attacke, and by using 
disinfectants both to the discharges and to linen.t In the case of troops 
coming from infected districts, they should be kept in separate buildings for 
twenty days, and ordered to use only the latrines attached to them, in which 
disinfectants should be freely used. 

2. The introduction of the disease into any place by persons is considered 
by most observers to be connected with the choleraic discharges, either when 
newly passed, or, according to some, when decomposing. The reasons for this 
are briefly these: the portability being certain, the thing carried is more 
likely to be in the discharges from the stomach and bowels than from the skin 
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_ or breath {the urine is out of the question), and for these reasona; Water 
can communicate the discase,. and this could only be by contamination with 
the discharges ; water contaminated by discharges has actually given the 
disease, a8 in Dr Macnamara’s cases; in some cases a singularly local origin 
is proved, and this is nearly always a latrine, sewer, or receptacle of discharges, 
or a soil impregnated with choleraic evacuations ; soiled linen has sometimes 
given it, and this is far more likely to be from di than from the 
spiration ; animals (white mice and rabbits) have cholera produced in 
them from feeding on the dried discharges. Finally, in the history of the 
portability of cholera, there are many instances in which, while there been 
decided introduction by a diseased person into a place, there has been no im- 
mediate relation between that person and the next case; in other words, the 
cause must be completely detachable from the first case, and must be able to 
act at a distance from his body ; it is therefore far more probable that the 
discharges are this carrying agency, than that any effluvia should pass off from 
the lungs and skin which could spread to a great distance. : 
Enough has been said to show that the discharges must receive-the most 
careful attention. Every discharge ought to be disinfected with strong eub- 
stances liberally used ; the best are carbolic acid (in large quantity), per 
chloride of iron, chloride of zinc, chloride of lime, or, if none of these are at 
hand, good quicklime (see Distwrzctants). Although the results of disinfeo- 
tion of the discharges have not hitherto been encouraging, the plan has seldom 
been completely tried. All latrines should be disinfected, sewers flushed, 
oe ae acid poured down them, and every means taken to keep them venti- 


ted. 

What should be done with the disinfected discharges ? Should they be 
allowed to pass into sewers, or buried in the ground$ They must in some 
way be got rid of. Sewers certainly afford an easy mode of disposing of 
them ; and as the discharges are mixed with much water, and are rapidly 
swept away in them, and as the temperature of the sewers is low, and 
decomposition is delayed, it is quite possible that sewers may be a means of 
freeing a town from choleraic discharges more easily than any other ere 
And it appears to be a fact, that in the well-sewered towns in the 
cholera of 1865 and 1866 never attained any wide spread. In large towns, 
also, there are no other means of disposing of the discharges. But may not 
sewers be a means of dissemination,* and thus, as in some outbreaks of enteric 
fever, be a source of danger? And again, when sewerage is poured over land, 
as it will be soon throughout all England, are we quite sure that no choleraic 
effuvia will pass off, or that the choleraic particles os into the ground 
may not develop there, as Pettenkofer supposes is the case? I know of no 
facta to enable us to decide, and I do not think we ought at present to form 
opinion on the probability of mischief arising in this way, but it abould, 
at any rate, make us still more urgent in the use of disinfectants to all 


discharges. 
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earth, I think the eafest course is to deeply bury all disinfected discharges 
aes Peles Se ewe er at a distance from houses and from sources of 
Thet nen and bedding should be carefully disinfected, needs no t 

(see chapter on Disivrxcrion). In some English towns all cholera clothing 
has been burnt, but whether this measure is necessary or not is uncertain. 
But thorough steeping and boiling before washing is essential, as washerwomen 

have certainly suffered in many cases. 

_ - §. The introduction of the agent by the medium of the air is generally 
admitted, on the plea that cases occur in which any other mode of entrance is 
impossible. It is aleo held by eome that, existing in the air it can be carried 
for great distances by winds ; and some observers indeed believe this to be ite 
usual mode of transit, though this opinion appears to me opposed to all we 
know of its epread. : 

Without attempting to decide the point or to state the limits of the trane- 
mission, it is a matter of prudence to act as if the winds did carry the puison. 
The Indian rule is to march at right angles to the wind, and never against it 
or with it if it can be avoided. The spreading by the winds in India has 
been usually ascribed to the custom of throwing all the cholera evacuations on 
the ground ; there they get dried, and then are lifted by the wind and driven 
to other parts. This seems probable, but no decided proof has been given ; 
and an argument against it may be raised on the difficulty of accounting for 
the immunity of adjacent places if such tranamission were common. So also 
the use of aerial disinfectants in cholera is rendered imperative by the chance 
that the cause may be in the air. The Vienna Conference affirmed trans 
mission by the air, but only to a short distance, and never faster than man 
travels, They also recognised the great safeguard afforded by deserts, as the 
disease has never been known to be imported into Eygpt or Syria across the 
desert by caravans from Mecca.* 

4. The occasional, perhaps frequent, introduction by water seems certain. 
It was unanimously affirmed at the Vienna Conference, even by Pettenkofer. 
It is a good plan always to change the source of supply, to use rain water if 
no other fresh source is procurable ; and in every case to boil, and filter 
through animal charcoal, and to use also ‘potassium permanganate.t It 
remains yet uncertain whether a water which gives cholera is always 

' chemically impure, or whether the choloraic matter may be in so amall a 
quantity as to be absolutely imdetectable. In the two casea I have examined 
in which the water was the cauee, it was highly impure. In India it is now 
“irra . that all the water should be boil (G. 0. C. C. No. 192, Claase 

5. The introduction by food has been noted in some cases (although the 
Vienna Conference decided, by 11 to 7, that present facts do not warrant a 
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decision). Every article of food, solid and liquid, should therefore be passed 
in review, and | bapa ps vig, gue mrp tora Bal Aare | 

6. The localisation of cholera is a ed feature in ite history.+ It is 
often as marked as in yellow fever, and may be confined to a very small area, 
At other times, iu India, the “tainted district” may be of some extent, 
From this fact of localisation arises the important rule of always -leaving the 
locality when practicable, and in a large town of clearing out the house where 
cholera has happened. In India the present rule is to march the men and 
encamp ina healthy spot at some little distance, changing the encamping 
ground from time to time, On the whole, this has acted well, and should be 
adhered to, though occasionally it has failed, generally, however, I believe, 
from error in choice of locality. The men should be tented ; the tents should 
be well ventilated, and often struck and repitched ; an elevated spot should be 
chosen, and damp and low soils and river banks avoided. Orders lay down 
with precision the exact steps to be taken by a regiment when cholera 
threatens.t This rule of marching out must, of course, be subject to some 
exceptions. It has been advised that it should not be done in the rainy season 
in India. This must depend on the locality. I have been inf that it 
has sometimes answered well, even in heavy rains; but in other cases the 
rains may be too heavy. No absolute rule can be laid down ; but the circum- 
stances which are allowed to set aside the grand rule of evacuation of a tainted 
place should be unequivocal. 

In connection with change of locality, the opinions of Pettenkofer ahould 
be borne in mind. Pettenkofer believes that, of all conditions, the effect of 
soil is the most important. It is necessary, then, to consider particularly the 
nature of the soil where the fresh camps are to be placed, and to select the 
perfectly dry and, if possible, pure, impermeable, uncontaminated soila, and to 
prevent the cholera discharges from percolating through the ground. 

7. Men sick from cholera are also best treated in well-ventilated tenta, 
whenever the season admite of it. Even in cold countries, up to the end of 
October or the middle of November, tenta can be used if properly warmed. 
In India it should be a rule to treat every cholera patient in a tent, aa far as 
circumstances permit it. 

Internal Causee.—General feebleness of health gives no predisposition, nor 
is robust health a safeguard ; some even have thought that the strongest men 
suffer most. Great fatigue, and especially if continued from day to day, 
greatly predisposes ; of this there seems no doubt.§ No certain influence has 
yet been traced to diet, although it has been supposed that a vegetable diet 
and alkalinity of the intestinal contents may predispose. It does not appear 


* See Dr Fairweather’s Delhi case in the Sanitary Report of the for 1871; also 
given in ny Report on H e, in the Army Medical vol, xill, (1878). 
PP fash aero Sig om Medical Gasette, let July 1878), notices a very singular case 
on at Etarsi, 
+ The order in India is, if a single case occur in « barrack, to vacate that part of the bar- 
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that insufficient dist has any great effect, though there is some slight evidence 
that scurvy increases the mortality, and perhaps the predisposition.* The 
strictest temperance does not preserve from at ; but every one agrees that 
wpitite ars no protection, and that debauchery increases liability. _ 
Of pre-existing diseases, it has been supposed that cardiac affections and 
serene emphysema predispose ; the evidence is very unsatisfactory. If 
e's observations be correct, post-mortem examinations often show previous 
affection of the villi‘and mucous membranes of the intestines generally ; but 


it is Mia oagesocer there should be more proof of this. 
Diarrhoea predisposes, and any causes which lead to diarrhcea, especially 
impure water, dietetic errors, &c., should be carefully looked after. 

With regard to prophylactic measures (except in respect to proper diet, free 
ventilation, and pure water) nothing has been yet made out. Quinine has 
been recommended, and should certainly be given, especially in malarious 
countries, as it is a fact that the choleraic poison and malaria may avt 
together, and even give a slight periodical character to choleraic attacks, which 
is never seen in non-malarious districts, and is therefore merely grafted on 
cholera. Peppers, spices, &c., have been used; but I am not aware of any 
good evidence, All diarrhoea should be immediately checked, and this is 
well known to be the most important point connected with the prevention of 
the internal causes, The universal order in India is, that any man going 
twice in one day to the latrine should report himself; and non-commissioned 
officers are usually stationed at the latrines to watch the men. The reason of 
this rule should be fully explained to the men. In two attacks of cholera in 
India, I found it almost impossible to get the men to report themselves 
properly i the slight diarrhea of early cholera is so painless that they think 
nothing of it.f In England and Germany house to house visitation has been 
found very useful.} 


Typhus Exanthematicus (Spotted Typhus). 
External Cause.—An" animal poison, origin unknown, but communicable 
from person to person, probably through the excretions of the skin and lungs 


floating in the air. Not known to be communicated by water or food. Its 
spread and its fatality are evidently connected with overcrowding and debility 


* For some evidence as to scurvy, see Pearce and Shaw on the Cholera of the jail at Calicut. 
—Madras Medical cette lrg Me 
+ I have oa Me ts from Mr Dickinson’s useful little pamphlet on the Hygiene of 


era, 1863. 
+ Great im hae been attached to the meteorological condition attending outbreaks 
of cholera ; they do not appear to be very important, except in two or three cases, 
1. Temperature. — temperature favours the spread by increasing the putrefaction of 
the stools, anid ny aceon generally the impurity of the air. When cholera has prevailed 
(it has been severe at a temperature below freezing), the drinking water 


© cause. 

2, Pressure haa vo effect. The old observation of Prout, that the air is heavier in cholera 
epidemics, has never been confirmed. 

8. Molsture in Atr.—Combined with heat, this seems an aocessory cause of importance 
eS Moisture in the ground, combiued with heat of the soil, bas 

rp ay pipseditlar tery areal ol relia, selma 

4. of Atr seems decidedly to check it. ' 

5. Rain sometimes augments, sometimes checks it. This, depends on the amount 
of rain, and on whether it renders the drinking water more or less pure. A very heavy rain is 
& 


i ouemontiof Aw.—It is certainly worst in the stagnant atmospheres, a8 in the cases of 


all the i 
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tm tanith, one 0 28 most celebrated. physical saa mee tas he entirely. 
ee Canks has i ellect, either in itspresence or absence. (Schultse, Voltotine, De Wethe, 


_ TYPHUS—PLAGUE. - “ai 


of body from deficient food.. That it can be produced b overcrowding 
ig yet uncertain.* The preventive measures may be thus shortly summed 
up :—Adopt isolationt of patients ; wee the freest ventilation (5000 to 6000 
cubic feet per head per hour or more) ; evolve nitrous acid and chlorine fumes ; 
thoroughly famigate with sulphurous acid, heat (to 240° Fahbr.),} wash, and 
expose to air all bedding (including mattresses) and clothes. This last point 
is extremely important. In fact, it may be said that, for the prevention as 
well as treatment of typhus, the cardinal measures are abundance of pure air 
and pure water. Whenever practicable, treat all typhus patients in tenta, or 
wooden huts with badly-joined walls, not in hospitals. Jumigate tents and 
scrape and limewash huta, and remove earth from time to time from the floors. 
A number of typhus patients should never be aggregated ; they must be 
dispersed ; and if cases begin to spread in an hospital, clear the ward, and 
then, if the disease continues, the hospital iteelf ; then wash with chloride of 
lime, and then limewash or scrape walls and floors, and thoroughly fumigate 
With nitrous acid. It has been often shown that even exposure to weather, 
bad diet, and insufficient attendance, are less dangerous to the patients than 
the aggregation of cases of typhus (see especially p. 353). 

Internal Cuuses,—A special condition of body is necessary, as in the case 
of smallpox, and one attack protects to a great extent from another. Tho 
nature of the internal condition is unknown ; but general fecbleness from bad 
diet, overwork, exhaustion, and especially the scorbutic taint, greatly increase 
the intensity of the diseasc in the individual, and perhaps aid ita spread. 
These conditions, then, must be avoided. But. the strongest and best health 
is no guarantee against an attack of typhus. 

Bubo or Oriental Plague (Pali: Plague in India).§ 

The preventive measures should be the same as in typhus, to which this 
disease shows great analogy. The history of the plague at Cairo (from which 
it has been now banished for many years, simply by improving the ventilation 
of the city),|| and the disappearance, after sanitary improvements, of the Pali 
plague in India, and its recurrence on the cessation of preventive measures, 
show that, like typhus, the bubo plague is easily preventible. Elevation, as 
in so many other specific diseases, has a considerable effect ; the village of 
Alum Dagh, near Constantinople (1640 feet above the sea), and freely 
ventilated, has never been attacked; the elevated citadel of Cairo has 
generally been spared ; and when Barcelona was attacked, the elevated citadel 


also esca 


* During the French war of 1870, although there was much crowding, wretchedness, and 
misery in Paris, and cularly in Metz, there was but little typhus ; it wan nothing like the 
amount in the frst Napoleon's time (Grellois, Histoire Médicale du blocus de Mets, 1873, 

+ B the term iaotation, I imply the tient i te building, not in another 
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lding, choose the top story, if a room car be 
t ps higher than necessary : resent experiments have shown that 
there is great danger of c at wo a temperature. 
§ The Pali plague (Maba Murree), which was most common in Rajpootana, was evidently 
pro the filthy habits of the inhabitants (see Ranken and others), and was some years 
oo rid of by sanitary measures. Subsequently, these were and 
disease return It is now, I believe, again greatly lewened. Hirsch has out 
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Typhoid or Enteric Fever. 


 Reternal Causs.—A poison of animal origin; one mode of propagation is 
by the intestinal discharges of persons sick of the disease; other modes of 
origin and transmission are not disproved. There is doubtless a frequent 
transmission of the disease by the diarrhoaa of mild cases which are often not 
diagnosed. There is eome evidence that persons considered convalescent may 

the disease,* but it is possible that this may have been owing to badly 
washed clothes. The mode of entrance. into the body is both by air and 
water. (See pages 47 and 127).) Entrance by food (milk) has been lately 
aleo proved. As means of arresting the disease, isolate the patients; receive 
all evacuations (fsces and urine) into the vessels strictly kept for one sick 
person; place zinc chloride, or ferrous sulphate, or carbolic acid, &., in the 
vessels ; never empty any evacuation into a closet, sewer, or cesspool ; bury it 
several feot deep, and mix it well with earth, Fumigate, and heat to 240°¢ 
Fabr,, all clothes and bedding. Use nitrous acid fumes in the wards. As 
means of prevention, attend especially to the purity of the drinking water, 
and to the disposal of sewaga; although the origin of typhoid merely from 
putrefying non-typhoid sewage is not considered at present to be probable, it 
is not disproved, and it is certain that the disease may spread by the agency 
of sewers and fecal decomposition. A single case of typhoid fever should at 
once be held to prove that something is wrong with the mode of getting rid 
of the excretions. If neither water nor sewers can be proved to be in fault, 
consider the milk and other food supply. 

Internal Causes.—As a first attack preserves in « great measure from a 
second, a peculiar condition of body is as essential as in smallpox ; and looking 
to the special effect produced on Peyer's patches, and to the fact that at the 
period of life when these patches naturally degenerate, the susceptibility to 
typhoid fever materially lessens, or even ceases, it seems possible that the 
internal cause or necessary second condition is the existence of these patches, 
the structures in which are brought into an abnormal state of activity by the 
direct or indirect action of the poison on them. The other internal causes are 
anything which causes gastro-intestinal disorder, such as bad water, and 
general feeblenesa, 


Relapsing Fever. , 
No preventive measures have been yet pointed out, to my knowledge, 


but the occurrence of the disease in times of famine seema to indicate that 
feebloness and inanition are necessary internal causes, 
Bilious Remittent Fevers. 

Under this vague term, a disease or diseases, which in many points are like 
relapaing fever, but yet are not identical (Marston), have been described as 
occurring especially in Egypt (Griesinger), and in the Levant generally. It 
has been lately deacribed by Dra Marston and Boileaut at Malta. The exact 
causes are not known } but in some of the writings of the older army surgeons, 
the fevers which are produced by foul camps (in addition te typhoid) spear 
to have a close resemblance to the bilious remittent fevers of the Medi- 
terrancan, They appear to be connected with bad sanitary conditions, but 
their exact causation is not clear. 
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This disease, which has occasionally been noticed in France, and eapeciall 
among soldiers for the last forty years, has within the last few years ae 
in several parts of Germany, and a few cases among civilians have occurred in 
England. It seems to depend on a specific agent, but very little is yet known 
about it. It does not appear to be contagious. No preventive measures can 
be at present suggested. . 

The Eruptive Fevers. 

The method of employing disinfectants in these diseases is noted in the 
chapter on Disinrecrants. 

Smallpox is guarded against in the army by repeating vaccination in the 
case of recruita, and by occasional re-vaccination of all the men in a regiment. 
In Dr Balfour's statistical reporta, great attention is always paid to thie im- 
alia point, and the evidence from foreign armies prove the necessity of 

ul re-vaccination. 

If the disease does occur, the use of chlorine, iodine, and nitrous acid 
thrown up into the air, should not be forgotten, in addition to all usual 
measures Of isolation* (in separate buildings) and aanitary appliances, 

In the case of scarlet fever and measles, nothing definite is known with 
regard to prevention, except that a good sanitary condition seems to lesaen 
their intensity, and probably their spread. The evidence with regard to 
belladonna in scarlet fever is contradictory,. but on the whole unfavourable. 
When the disease is actually present, fumigations, as in smallpox, should be 
used, All the discharges should be disinfected, and the skin well rubbed 
over with camphorated oil and a little weak carbolic acid. 

The most difficult case is when either measles or scarlet fever appears on 
board ship, and especially if children are on board. If the weather permit, 
the best plan is then to treat all patients on the upper deck under an awning. 
If this cannot be done (and scarlet fever patients must not be exposed to cold), 
they must be isolated as much as possible, and the place constantly fumigated. 
Both in scarlet fever and smallpox there is some evidence to show that the 
incubative period may be very long.f 

Perhaps, in the present state of evidence, it might be desirable to try the 
prophylactic effects of belladonna on board ship, directly the first case occurs. 


Erysipelas (Hospital or Epidemic). 

External Cause.—It is well known that in the surgical wards of hospitals 
erysipelas occasionally occurs, and then may be transmitted from patient to 
patient. The exact causes of ita appearance have not been made ont, but it 
is evidently connected with overcrowding and impure air. Moisture of the 
floors, causing constant great humidity of air, has alao been supposed to aid 
it. 1¢ is much more common in fixed hospitals than in tents and huts, and 
indeed is exceedingly rare in the two latter cases. The agencies or agent can 
scarcely be supposed to be other than putrefying organic matter and pus cells 
passing into and accumulating in the air.t They or it would a to he 
really generated during the process of suppuration of wounds, and at present 
the production of a transmissible agent in this way is one of the best examples 
we have of the origin of a contagion de novo. It is remarkable that pus celle 


* Buchanan gives s good example of the advantages of isolation in the of 
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derived from purulent sputa do not cause erysipelas in medical wards, but 
crag be from a want of open wounds to give the necessary personal con- 

ition. | 

_ When. hospital erysipelas has once appeared in a ward, nothing will avail 
except complete issue of the ward, scraping the floors, and often the 
walls, washing with chloride of lime, and then with solution of caustic lime, 
and thorough fumigation with chlorine and nitrous acid alternately. The 
erysipelatous cases should be placed in well-ventilated tenta. If this cannot 
be done, then nitrous acid and chlorine fumigations must be constantly used 
in the wards, charcoal trays be placed round the bed of the erysipelatous 
patient, and excessive ventilation employed. 

Considering the undoubted beneficial influence of tent life, it may be a 
question whether, even in civil life, hospitals which possess gardens should 
not, during the summer, treat their surgical cases with suppurating wounds 
in the tenta* In many continental towns the large hospitals have now 
wooden barrack-like huts attached to them, in which the surgical cases aré 
treated. 

Of course, extreme care in conservancy of wards or tents, the immediate 
removal of all dressings, great care in dressing wounds, so that neither by in- 
atruinents, sponges, lint, or other appliances, pus cells or molecular organic 
matter shal] be inoculated, are matters of familiar hospital hygiene. The use 
of carbolic acid, as introduced by Professor Lister, will, it is hoped, greatly 
lessen the chances of spread in the case of erysipelas as well as of hospital 
gangrene, f 

Internal Causes,—Nothing, I believe, is known on this point, except that 
there must be some abrasion or wound of the surface or of the passages near 
the surface, as the vagina or throat, The erysipelas commences at the point 
of abrasion. If there is no open wound, the atmospheric impurity seems to 
have no bad effect on the persons who are exposed to it, but it would be in- 
teresting to know if some forms of internal disease are not produced. Is it 
possible that some forms of tonsillitis and diphtheritic-like inflammation of the 
throat may be caused in this way, although there is no solution of continuity ? 


Hostal Gangrene. 


Almost the same remarks apply to hospital gangrene as to erysipelas. One 
of the most important facts which has been pointed out by many writers, and 
which has been thoroughly proved by the American and the Italian wars, is 
that perfectly free ventilation prevents hospital gangrene. Hammond, the late 
Surgeon-General of the United States Army, declares} that only one instance has 
come to his knowledge in which hospital gangrene has originated in a wooden 
pavilion hospital, and not one which has occurred in a tent. Kraus also, from 
the experience of the Austrians in 1859, states that it never could be dis- 
covered that gangrene orginated in a tent. On the contrary, cases of gangrene 
at once commence to improve when sent from hospital wards into tents. On 
the other hand, the tenacity with which the organic matters causing the 
ga e adhere to walls is well known. 

The measure to be adopted in wards when hospital gangrene occurs, and 





* See Hammond's Hygiene, 1863; Kraus’ Das Kranken und derstrewunge Syste, 1861 ; 
and « Report on Hygiene, by the author, in the Army Medioal Repert, fer 1 the effects. 
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the ward. cannot be at once evacuated, are the same az for erysipelaa* It is 
not nepessary to do more than allude to the undoubted transference by dirty 
sponges, &., and to the beneficial effects of carbolic acid dressings, 


SECTION IL 


VARIOUS NON-SPECIFIC DISEASES. 
Dysentery and Diarrhea. 


At present there is no evidence that the dysentery arising from various 
causes has different anatomical characters, or runs a different course, except 
perhaps in the case of malarious dysentery. The chief causes are— 

1. Impure Water (p. 42).—Both Annesley and Twining have directed atten- 
tion to this cause, in their accounts of Indian dysentery, It is scarcely possible 
that, with common attention, this cause should not be discovered and removed. 

2. Impure Air.—The production of dysentery and diarrh@a from the 
effluvia of putrefying animal substances is an opinion as old as Cullen, and 
probably older ; and there seems little doubt of ita correctness. The gases 
and vapours from sewers also will, in some persona, cause diarrhoea (pages 
127, e¢ seg.) ; and also effluvia from the foul bilge-water of shipat On the 
other hand, very disagreeable effluvia from many animal substances, as in the 
case of bone-burners, fat-boilers, &ic., do not seem to cause diarrhea. In 
India there appears to be a decided relation between the prevalence 
of dysentery and overcrowding and want of ventilation in barracks ; massing 
a large number of men together is certainly an accessary cause of great 
weight.f 

he air from very foul latrines has caused dysentery in numerous cases, 
Pringle, and many other army surgeons, record casea§ In war this is one 
of the most common causes. The occasiona] production of dysentery from 
sewage applied to land, seems to me to be proved by Clouston’s observations on 
the causes of the attack of dysentery in the Cumberland Asylum (Medical 
Times and Gazette, June 1865). Still sewage matter has been often applied 
in this way without bad effects. In Dr Clouston’s case the sewage was 300 
yards from the ward where the dysentery occurred. (Calm and nearly stag- 
nant nights, or with a genfle movement of air from the sewage towards the 
ward, were the conditions which preceded most of the attacks. 

Of all the organic effluvia, those from the dysenteric stools appear to be 
the worst. Some evidence has been given to show that dysentery arising 
from a simple cause (as from exposure to cold and wet), when it takes on the 
gangrenous form, and the evacuations are very fotid, produces dysentery in 
those who use the latrines, or unclean closeta, into which such gangrenous 
evacuations are passed. If correct, this is a most interesting point, as it seems 
to show the origin of a communicable poison de novo. Possibly, in all these 
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* With regard to pysemia, observations show that one of the external causes is fetid organic 
Spencer Wells (Med. Times and Gazette, 1826) states, that in 1859 the mortality 

from pyemia was great in some wards over s dissecting room. On removing all the cases after 
operation to the opposite side of the building, pysmia almost disappeared. Other similar 
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cases, effluvia, or organic matters, or particles disengaged from the putrefying 
evacuations, act at once on the anus, and the disease then spreads up by con- 
tinuity. od 

There is some reason, also, to think that retaining dysenteric stools 
in hospital wards spreads the diseaze ; and, perhaps, in this case, the organic 
particles floating up may be swallowed, and then act on the mucous membrane 
of the colon. the epidemic of dyzentery in Sweden in 1859, there was 

cod evidence to show that it spread by means of the diarrhoeal and 
dysenteric evacuations.* 

In addition to removal of the sources of all these effluvia, fumigations with 
nitrous acid and with chlorine should be practised in all dysenteric wards as 
in the case of typhoid fever, the stools must be mixed with disinfectants, and 
immediately removed from the wards and buried. , 

3, Improper Food.—Any excess in quantity, and many alterations in quality 
{especially commencing decomposition in the albuminates, and, perhaps, the 
rancidity of the fatty substances) cause diarrhea, which will pass int 
dysentery (see the chapter on Foop). But the most important point in this 
direction is the production of scorbutic dysentery. A scorbutic taint plays a 
far more important part in the production of dysentery than is usually 
imagined, and there is now no doubt that the fatal dysentery, which formerly 
was so prevalent in the West Indies, was of this kind. Much of the Indian 
dysentery is also often scorbutic. 

4, Exposure to Cold and Wet.—Exposure to cold, especially after exertion, 
and extreme variations of temperature, have been assigned as the chief cause 
of dysentery by numerous writers ;¢ great moisture has been assigned by 
some writers (Twining, Annesley, mgr i fa a cause ; and great dryness 
of the air by others (Mouat) ; while a third of observers have considered 
the amount of moisture as quite immaterial. 

Hirech,{ after summing up the evidence with respect to temperature with 
great care, decides that sudden cold after great heat is merely a “ causa 
uccasionalis” § which may aid the action of the more potent cause of 
dysentery. This, probably, is the true reading of the facta. The amount of 
moisture in the atmosphere would appear to be a matter of no moment. 

Although we cannot se its exact causative value, the occurrence of chill 
is, of course, ag a matter of prudence, to be carefully guarded against ; and 
especially chills after exertion. It is when the body is profusely perspiring, 
and is then exposed to cold, that dysentery is either produced, or that other 
causes are aided in their action. In almost all hot countries chilling of the 
abdomen is considered particularly hurtful, and shawls and waist-bands 
(kummerbund of India) are usually worn.|| 
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buch der Historisch-Geogra h. Pathol. ii, p. 24. 
The so-called hill diarrhoa, which was formerly Ls lent on some of the hill sanitaria 
in on the of the Himalayas, has attributed to the effect of cold 
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, Malaria has been assigned aa another cause ; and it was noticed, especial! 
by the older writers, that the dysentery was then often of the kind ene 
« ia Incruenta ”—the stools being copious, serous, and with little 
blood ; in fact, a state somewhat resembling cholera. 

Very great difference of opinion has prevailed in regard of this opinion.* 
Possibly the “malarious dysentery” is in part connected with the use of 
marsh water. More evidence is desirable, certainly, with regard to this 
point ; but it seems probable, from the observations of Annesley and Twining, 
that marsh water has an effect in this direction. 

Liver Diseases (Indian). 

The production of diseases of the liver is so obscure, and so many states of 
hepatic disorder are put together under the term “ hepatitis,” that it is 
impossible to treat this subject properly without entering fully into the 
question of causes. But, as this could not be done here, I must content 
myself with a short summary of the preventive measures which appear to he 
of the greatest importance. 

I have long been convinced that many cases of hyperemia, bilious conges- 
tion, and enlargement of the liver, with increase of cell-growth and connective 
tissue (but without tendency to abscess), and enlargement and partial fatty 
degeneration of the liver cells, are caused simply by diet.t I had a good 
opportunity of observing this on landing in India in,1842 with an European 
regiment,} and the experience of more than twenty years has made me certain 
that the observation was correct. 

Very similar opinions have been expressed by Macnamara§ and Norman 
Chevers has also pointedly alluded to this subject.|| 

The supply of food supplied to the soldier in India has erred in two ways: 
it is too much in quantity, especially when the amount of exercise is limited. 
Macnamara has calculated that each European soldier in Bengal consumed (at 
the time he wrote in 1855) 76 ounces of solid (7.6, water containing) food 
daily, so that there must have been an excess of all the dietetic principles. 
Then, in every case, there was added to this a very large amount of condi- 
mente (spices and peppers), articles of diet which are fitted for the rice and 
vegetable diet of the Hindu, but are particularly objectionable for Europeans, 
In the West Indies, where the diet has never been so rich in condimenta, 
liver diseases have always been comparatively infrequent. . 

Some orders for improving the cooking in India were issued by Lord 
Strathnairn, and if theee are carried out, and if medical officers would 
thoroughly investigate the quantity of food taken by the men, and compare 
it with their work, and examine into the cooking, it is quite certain that many 
cases of dyspepsia and hepatitis would be prevented. 

In cases not simply of hyperemia and bilious congestion, but of abscess, it 
is probable that a certain number are consecutive to dysentery, and are caused 
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Under this convenient term, a number of cases are put together which seem 
to be produced by one or more of the following causes :— 

Eaternal Causes.—1. Direct rays of the sun on the head and spine. Adopt 
light coverings, covered with white cotton ; permit a good current of air be- 
tween the head and the covering, and use a light mualin or cotton rag, dipped 
in water, over the head under the cap. 2. Heat in the shade, combined 
especially with stagnant and impure air. In houses (and men have been 
attacked with insolation both in tents and barracks) means (in always be 
taken to move the air, and thus keep it pure, even if it cannot be cooled. In 
tents the heat is often exceedingly great, simply from the fact that there is 
not sufficient movement of air; in the tropics a simple awning is much better 
than tents, and if the awning is sloped a little, the top of the slope being 
towards the north, the movement of air will be more rapid than if the can 
be quite flat But in the dry season, in the tropics, the men should sleep in 
the open air in all non-malarious districts, when they are on the march or in 
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susceptibility. 
A fall habit of body, or. oo tendency to fatty heart or. emphysematous 
lungs, have supposed 
Ti een certain that any embarrasament of the pulmonary circulation aids 
the action of the heat, and therefore the niost perfect freedom from belts and 
tight clothes over the chest and neck is essential. = 

Great exhaustion from fatigue aids the action, either from failure of the 
heart’s action or want of water. In this case diffusible stimuli, such 
as ammonia, tincture of red lavender, tincture of cardamoms, &e., with ‘strong 
coffee, are the best preventives. Spirits should not be given unless the ex- 
Raustion be extreme, and the diffusible stimuli cannot be obtained.. A small 
quantity in hot water may then be tried. 

Cold baths, and especially cold douching to the head and spine, are _ 
useful as preventive as well as curative measures, 


Phthiste Pulmonalia, 


In respect of causes, we must distinguish those usually rapid cases of tubar- 
culosis which arise from hereditary constitutional causes, or from the influence 
of exanthemata (especially measles), or of typhoid, or other fevers, and which 
run their course with implication of several organs at an early stage, and the 
more chronic forms of phthisis, in which the lung in adults is the first seat of 
the disease, and other organs are secondarily affected. Several distinct 
diseases are confounded under the one term of phthisis, and it is therefore not 
possible at present to trace out their precise origin. 

Taking only the common eases of subacute or chronic phthisis, it has been 
already intimated that most European armies have been found to furnish an 
undue proportion of such cases. * 

A few years ago much influence was ascribed to food as a cause of phthisis ; 
the occurrence of a sort of dyspepsia as a forerunner (though this does not 
seem Very common), and the great effect of the treatment by diet (by cod-liver 
oil), seemed to show that the fault lay in some peculiar malnutrition, which 
affected the blood, and through this the lungs. 

' Probably there is truth in this ; but of late years the effects of conditions 
which influence immediately the pulmonary circulation and the lungs them- 
selves have attracted canal: attention. The effect of want of exercise (no 
doubt a highly complex eause, acting on both digestion and circulation), and 
of impure air, have been found to be very potent agencies in causing phthisis, 
and conversely, the conditions of prevention and treatment which have wemed 
most useful are nutritious food and proportionate great exercise in the free and 
open air. So important has the last condition proved to he, that it would 

pear that even considerable exposure to weather is better than keeping 
phthisical patients in close rooms, provided there be no bronchitis or tendency 
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That food should contain a good deal of the nitrogenous and fatty principles 
if phthisis is apprehended. Milk has been long celebrated, and lately the 
koumine of Tartary has obtained a great reputation in Russia as an agent of 
cure. 


Exercise is of the greatest im: ce, and it would seem quite clear that 
this must be in the open air. e best climates for phthisis ye dines lage 
necessarily the equable ones, but those which permit the greatest number of 
hours to be passed out of the house. 

In the house itself, attention to thorough ventilation, ic, to constant, 
though imperceptible movement of the air, is the point to be attended to. 

In the case of soldiers, it must also be seen that no weights or straps impede 
the circulation of blood through the lungs and heart, 

The effect of a wet subsoil in the causation of phthisis (see p. 331 for 
Buchanan’s observations) must not be overlooked. Whatever may be the 
exact amount of truth, we are bound to act as if it were certain. 

That the syphilitic disease of the lungs has sometimes a completely phthisical 
character is tolerably clear, but syphilis will not account for the amount of 
phthisis in the army. ~The influence of masturbation in producing phthisis is 
uncertain. 

The peculiar state of malnutrition we call scurvy is now known not to be 
the consequence of general starvation, though it is doubtless greatly aided by 
this. Men have beén fed with an amount of nitrogenous and fatty food 
sufficient not only to keep them in condition, but to cause them to gain weight, 
and yet have got scurvy. The starches also have been given in quite sufficient 
amount without preventing it. It seems, indeed, clear that it is to the 
absence of some of the constituents of the fourth dietetic group, the salts, that 
we must look for the cause ft 

Facts seem to show with certainty that in the diet which gives scurvy 
there is no deficiency of soda or of iron, lime, or magnesia, or of chloride of 
sodium. Nor is the evidence that salts of potash or phosphoric acid are 
deficient at all satisfactory, And when we think of the quantity of 
phosphoric acid which must have been supplied in many diets of meat, and 
cerealia, which yet did not prevent scurvy, it seems very unlikely that the 
absence of the scbompbates can have anything to do with it.f 

The same may be said of sulphur. Considering the quantity of meat and 
of leguminose which some scorbutic patients have taken, it is almost impos- 
aible that deficiency in sulphur should have been the cause. 

By exclusion, we are led to the opinion that if the cause of scurvy is to be 
found in deficiency of salta, it must be in the salts whose acids form car- 
bonates in the system. For, if we are right in looking to a deficiency in the 
fourth class of alimentary principles as the cause of acurvy, and if neither the 
‘absence of soda, potash, lime, magnesia, iron, sulphur, or phosphoric acid can 
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be the cause (and it is probable it is not 20), then the only mineral ingredients 
which remain are the combinations of alkalies with those acids which form 
carbonates in the system, viz., lactic, citric, asetic, tartaric, and malic, That 
these acids are moet important nutritional agents no one can doubt. The salts 
containing them are at first neutral, afterwards alkaline, from their conversion 
into carbonates ; pd thus play a double part, and moreover, when free, and 
in the presence of albumen and chloride of sodium, these acids have peculiar 
wers of precipitating albumen, or perhaps of setting free hydrochloric acid. 
tever may be their precise action, their value and necessity cannot be 
doubted. ‘Without them, in fact, one sees no reason why there should not 
be a continual excess of acid in the system, as during nutrition a continual 
excess of acids (phosphoric, sulphuric, uric, hippuric) is produced, sufficient, 
even when the salts with decomposable acid are supplied, to render all ex- 
cretions (urinary, cutaneous, intestinal) acid. The only mode of supplying 
alkali to the acids formed in the body is by the action of the phosphates, 
which is limited|} The only manufacture of alkali in the body is the formation 
of ammonia, so {}at these salts are most important asantacids, Yet it is not 
solely the abser’® of alkali which produces scurvy, else the disease would be 
prevented or cuted by supply of pure or carbonated alkalies, which is not the 
CAB, 





When, in pursuing the argument, we then inquire whether there is 
proof of the deficiency of these particular acids and salte from the diets which 
cause scurvy, we find the strongest evidence not only that this is the case, 
but that their addition to the diet cures scurvy with great certainty.* They 
will not, of course, cure coincident starvation arising from deficiency of food 
generally, or the low intercurrent inflammations which occur in scurvy, or the 
occasionally attendant purpura, but the true scorbutic condition is cured 
with certainty. 

Of the five acids, it would appear unlikely that the lactic should be the 
most efficacious. If so, how is it that in starch food, during the digestion of 
which lactic acid is probably formed in large quantities, scurvy should occur 4 
Is, in such 9 case, an alkali necessary to insure the change of the acid into a 
carbonate? How is it that scurvy will occur with a milk diet, though, 
doubtless, milk is a good, though not perfect preservative ? 

Vinegar is an old remedy for scurvy, and acetic acid is known to be both 
a preventive of (to some extent) and a cure for scurvy. But it has always 
been considered much inferior to both citric and tartaric acids. Possibly, as 
in the case of lactic acid, an alkali should be supplied at the same time, so 
as to enable the acid to be more rapidly transformed. 

Tartaric, and especially citric acids, when combined with alkalies, have 
always been sodaiders to be the antiscorbutic remedies, par excellence, and 
the evidence on this point seems very complete. + 
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‘Of malic acid little is known as an antiscorbutic agent, but it is wall 
worthy of extended trials. 
| ciency of fresh vegetables implies deficiency in the salts of these acids, 
and scurvy ensues with certainty on their disuse. Ite occurrence is, however, 
greatly aided by causes, especially deficiency in food generally, by 
cold and wet, and mental and moral depression. 

The preventive measures of scurvy are, then, the supply of the salts of 
Citric, tartaric, acetic, lactic, and malic acids, and of the acids themselves, and 
perhaps in the order here given, and by the avoidance, if it can be done, of 
the other occasional causes. 

Experience seems to show that the supply of these acids in the juices of 
the fresh succulent vegetables and fruite, especially the potato, the cabbage, 
vrange, lime, and grape, is the best form. But fresh fruita, tubers, roots, and 
leaves are better than seeds, The leguminose, and many other vegetables, 
are useless, 

Fresh, and especially raw meat is also useful, and this is conjectured to be 
from its amount of lactic acid ; but this is uncertain. 

The dried vegetables are also antiscorbutic, but far less so than the fresh ; 
and the experience of the American War is not so favourable to them as 
might have been anticipated. Do the citric and other acids in the dried 
vegetables decompose by heat or by keeping 1 It would be very desirable to 
have this question settled by a good chemist. We know that the citric acid 
in lemon juice gradually decomposes, It does not follow that it should be 
quite stable in the dried vegetables. 

The measures to be adopted in time of war, or in prolonged sojourn on 
board ship, or at stations where fresh vegetables are scarce, are— 

1. The supply of fresh vegetables and fruits by all the means in our power. 
Even unripe fruits are better than none, and we must risk a little diarrhoea 
for the sake of their antiscorbutic properties. In time of war every vegetable 
should be used which it is safe to use, and, when made into soups, almost all 
are tolerably pleasant to eat. 

2. The supply of the dried vegetables,* especially potato, cabbage, and 
cauliflowers ; turnips, parsnips, &c., are perhaps less useful; dried peas and 
beans are useless, ..As a matter of precaution, these dried vegetables should 
be issued early in a campaign, but should never supersede the fresh 
vegetables. 

3. Good lemon juice should be issued daily (1 oz.), and it should be seen 
that the men take it. 

, ribs (4 ox. to 1 oz, daily) should be issued with the rations, and used 
nt ing. 

5. Citrates, tartrates, lactates, and malates of potash, should be issued in 
‘bulk, and used as drinks, or added to the food. Potash should be selected 
as the base, as there is seldom any chance of the supply of soda being 
lessened. The easiest mode of issuing these ealts would be to have packets 
conteining enough for one mess of twelve men, and to instruct the men how 


) t it is to them in the soups or stews. Possibl ight be 
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Military Ophthaimia. 

The term “military ophthalmia” is often applied particularly to that 
disease in which the peculiar grey granulations form on the palpebral con- 
junctiva. But any severe form of purulent ophthalmia spreading in a regi- 
ment is often classed under the same heading. Diseases of the eyes area 
source of very considerable inefficiency in the army, and even a casual visitor 
to the Royal Victoria Hospital must be struck by the large number of men he 
will mest with who have some affection of the eyea. A reference to the 
Army Medical Reports will also show what great attention is being paid to 
this important subject by military surgeons, especially by my colleague, 
Professor Longmore.* 

Epidemics of military ophthalmia (grey or vesicular granulations, and 
rapid purulent ophthalmia), seem to have been uncommon, or perhaps 
unknown, on the scale in the wars of the eighteenth tina 
¢ The disease, as we now see it, is one of the legacies which Napoleon left 
to the world. His system of making war with little intermission, rapid 
movements, abandonment of the good old custom of winter quarters, and 
intermixture of regiments from several nations, seem to have given a great 
spread to the disease, and though the subsequent years of peace have greatly 
lessened it, it has prevailed more or less ever since in the French, Prussian, 
Austrian, Bavarian, Hanoverian, Italian, Spanish, Belgian, Swedish, and 
Russian armies, as well as in ourown. It has also been evidently propagated 
among the civil population by the armies, and is one more heritage with which 
glorious war has cursed the nations. i i 

In some cases, as in the Danish army, it has been absent till manifestly 
introduced (in 1851); in other instances it has been’ supposed to originate 
d rseeenaieae from evercrowding and foul barrack atmosphere, and from 

efective arrangements for ablution.f Here, as in so many other cases, we 
find that the question of origin de novo, however important, need not be 
mixed up with that of the necessary preventive measures, What ia important 
for us is to know—y/iret, that it is contagious, that is, transmissible; and, 
secondly, that if be produced, its transmissibility is singularly aided by bad 
barrack accommodation. fi as ; 

The measures to be adopted if mi itary ophthalmis prevail 

1. Good Ventilation and Purity of the Air.—In the Hanoverian army, 
Stromeyer reduced the number of cases in an extraordinary degree, simply 
by good ventilation. The only explanation of this must be that the dried 
particles of pus and epithelium, instead of accumulating in the room, were 
carried away, and did not lodge on the eyelids of the healthy men. The 
evolution of ammonia from decomposing urine has also been assigned as a 
cause, and this would be also lessened by good ventilation. 

It would appear likely that bad barrack air predisposes to granular con- 
janctivitis by producing some peculiar state of the palpebral conjunctiva and 
glands (Stromeyer and Frank), and if a diseased person then introduces the 
specific disease, it apreads with great rapidity, or possibly, as Mr Welch’s 
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facta séem to show, the impure atmosphere is the great cause, and contagion 
only secondary, 

2. Careful Ablution Arrangements,—An insufficient supply of water for 
cleansing basins, and the use of the same towels, are great means of spreading 
the disease, if it has been introduced. "Whenever men use the same basing 
they should be taught to thoroughly cleanse them ; and it would be well if, 
in every military ablution room, the men were taught not only to allow the 

irty water to run away, but to refill the basin with water, which the next 
comer would let off before filling with fresh water for himeelf. If some 
mechanism could be devised for this, it would be very useful. The same 
towel is a most common cause of propagation ; or a diseased man using always 
the same towel may reinoculate himself. The towels should be very 
frequently washed (probably every day), and should be dried in the open air, 
never in the ablution room or barrack. 

In some cases special ablution arrangements may cause a good deal of 
granular conjunctivitis. In 1842 and 1843 I witnessed, in a regiment newly 
landed in India from England, a very great number of cases of this kind ; the 
supply of water was very insufficient, many men used the same basins, which 
were very imperfectly ed; the same basins were used for washing, and 
also for dyeing clothes; at that time the men in the cold months wore 
trousers of a black drill, and when the dye came off they were accustomed to 
rudely replace it ; they themselves ascribed the very prevalent ophthalmia to 
the irritating effect of the particles of the dye left in the basins, and getting 
into the eyes. There were enormous granulations on both uppér and lower 
lids, and the disease was believed to be communicable, but whether the 
aoa was strictly to be classed with the vesicular granulations I do not 

ow. 

$. In some cases the use of the bedding (pillows and pillow cases), which 
has been used by men with grey granulations, has given the disease to others, 
and this has especially occurred on board transports, In time of war 
especially this should be looked to. If any cases of ophthalmia have occurred 
on b ship, all the pillows and mattresses should be washed, fumigated, 
and thoroughly aired and beaten. The transference has been in this case 
direct, particles of pus, &c., adhering to the pillow and mattresses, and then 
getting into the eyes of the next comers. 

4, Immediately the disease presents itself, the men should be completely 
isolated, and allowed to have no communication with their comrades. It has 
been a great question whether a Government is justified in sending soldiers 
home to their friends, as the disease has been thus carried into previously 
healthy villages. It would seem clear that the State should bear its own 
burdena, and provide means of isolation and perfect cure, and not throw the 
riek on the friends and neighbours of the eoldier. 

An important matter to remember in connection with grey granulations 
is, that rela are very frequent; a man once affected has no safety 

arlomont) ; simple causes of catarrh and inflammation may then reinduce 
the — grey granulations with their contagious characters ; eo that a man 
who has once had the disease is a source of danger, and should be watched. 


: Venereal Diseases in the Army. 

It is ‘convenient for our purpose to put together all disenses arising from 
impure sexual intercourse, whether it be a simple excoriation which has bess 
inceulsted with the natural vaginal mucus or with leucorthceal discharges, and 
which may produce suas inguinal swelling, and may either get well ina few 


VENEREAL DISRASES. $01 


days or last for several days ; or whether it be an inflammation of the urethm 
rodaced. by specific (or non-specific? leucorrbosal ) discharge ; or whether it 
fe one of the forms of syphilis now di ead as being in all probability 
separate and special diseases, having particular courses and terminations. 

In the army men enter the haspital from all these causes, and from the 
remoter effecta of gonorrhsa or syphilis, orchitis, gleet, stricture, bladder and 
kidney affection ; or syphilitic discases of the skin, bones, eyes, and internal 


organs. 

The gross amount of inefficiency in the army is tolerably well known, but 
it will require a few more years before the several items of the gross amount 
are properly made out. is arises partly from an occasional great difficulty 
in the diagnosis of true infecting syphilis, and partly from a want of 
uniformity in nomenclature. 

The comparative amount of army and civil venereal diseases is not known, 
because we have no statistics of the civil amount. It is no doubt great. It 
ig a question whether a large majority of the young men of the upper and 
middle classes do not suffer in youth from some form of venereal di 
In the lower classes it is perhaps equally common. 

The sequences are most serious ; neglected gleet, stricture, secondary and 
tertiary syphilis, are sad prices to pay for an unlawful (in some cases 8 
cera gratification ; and in the army the State yearly suffers a large 
pecuniary loss from inefficiency and early invaliding. In campaigns 
inefficiency from this cause has sometimes been great enough to alarm the 
generals in command, and to increase considerably the labour and sufferings 
vf the men who are not affected. 

The preventive measures against venereal diseases are— 

1. Continence—The sexual passion in most men is very atrong, 
Providence has, indeed, made it strong enough to lead men to ma ine dangers, 
and to risk all consequences. It has been supposed by some that, in carly 
manhood, continence is impossible, or if practised, is ao at the risk of other 
habits being formed, which are more hurtful than sexual intercourse, with all 
its dangers. But this is surely an exaggeration ; the development of this 
passion can be accelerated or delayed, excited or lowered, by various measures, 
and continence becomes not only possible, but easy. 

For delaying the advent of sexual puberty and desire, two plans, in addition 
to the restraints of religious duty, can be suggested—absence from — 
thoughts and temptation, and the systematic sony hag of muscular a 
mental exercise. The minds of the young are often but too soon awakened 
to such matters, and obscene se ea or books have lighted up in ae 
youthful breast that /eu-d’enfer which is more dangerous to many a man 
the sharpest fire of the battlefield would be, Among young soldiers this is 
expecially the case ; ee oe literature of the day, and 
af the looseness of some of the older boys at the public schools, or at the uni- 
versities, the moral tone of the young gentlemen of our day is better than it 
was somo half century ago, the conversation of the classes from which the 
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their exertions in this way, would do great things, if we could hope that the 
high moral tone which happily exists in some cases could all, 

. If exciting and lewd conversation and thoughts should be discouraged by 
moral and religious teaching, it is not the less necessary to save the young 
from’ temptation. The youth of this nation are now sorely tem for in 
our streets prostitution is at every corner. Whatever may be the objection 
to police tions, we have surely a right to demand that the present system 
of temptation shall be altered. It may not be easy to exclude all prostitutes, 
especially of the better class (whose calling is less easily brought home to 
them), from public thoroughfares, but, practically, open prostitution can be 

ised and made to disappear from our streets. It has been said our police 
ions are sufficient for this ; they have never yet proved so ; and in no 

European country but England is prostitution so open and so undisguised.* 

In the Acta passed in 1864,f 1866, and 1869, and in the Licensing Act of 
1872 (Acts of the greatest importance, as the first steps in an efficient legi 
tion), authority has been now taken to prevent prostitutes from assembling 
in the publichouses, and to a certain extent sources of temptation have been 
removed. 

If young men can thus escape an appeal to their passions, continence is 
much more easy. There are times when the strictest virtue may well dread 
such an appeal, Human nature is but too weak, and needs every safeguard 
it can get. 

As aids to continence, great physical and mental exertion are most powerful. 
It would seem that, during great exercise, the nervous energy is expended in 
that way, and erotic thoughts and propensities are less prominent ; 80 also 
with mental exercise, in rairwin a lees degree. The establishment of athletic 
sports, gymnasia, and comfortable reading-rooms in the army, may be expected 
to have some influence. 

Temperance is a great aid to continence. In the army, the intemperate 
men give the greatest number of cases of syphilis ; and when s man gets an 
attack, it is not infrequently found that he was drunk at the time. 

The measures which promote continence are then— 

(a) The cultivation of a religious feeling, and of pure thought and conversa- 
tion among the young soldiers, by every means in our power. 

" Removing temptation and occasions to sin. 

c) Constant and agreeable employment, bodily and mentally ; as idleness 
is one great cause of debauchery. 
Temperance. 

2. Marriage.—It is very doubtful whether those who condemn early 
marriages among the working classes, on account of improvidence, are entirely 
right in their argument. e moral effect of prolonged celibacy has eeldom 
been considered by them. Probably the early marriages are the salvation of 
the working bog of this country ; and in the present condition of the labour 
market, the best thing a working-man can do is, as early a possible, to make 
his home, and to secure himself both from the temptations and expenses of 
bachelorhood. In the case of the soldier the conditions are different for 
different men ; the private soldier who has enlisted for long service (12 yeam, 
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and prospect of renewal) cannot marry for seven years, and then only 7 
cent. can marry with leave. I¢ was difficult to avoid this, and eke otae: 
quences were certainly most serious. Under the new system of six years’ en- 
listment, and into the reserve, a soldier will not marry at all, and it 
is of course desirable he should not do so. If he enlists at eighteen, 
at twenty-four he will be free ; and if kept in full occupation, and as far as 
poasible shielded from temptation, the burden of celibacy will not weigh upon 
him. Continence would be desirable for his health, and for the welfare of his 
future offgpring. The short service now introduced may indeed greatly influ- 
ence this matter, and certainly has removed from pressing discussion the 
question of marriage in the infantry of the army. 

3. Precautions against the Disease —Admitting that, in the case of a body 
of unmarried men, a certain amount of prostitution will go on,* somethi 
may be done to prevent disease by extreme cleanliness, instant ablution, an 
by the use of zine, alum, and iron washes, or similar lotiona after connection, 

d by the constant use by prostitutes of similar washes. It may seem an 
offence against morality to speak of such things ; but we must deal with things 
as they are ; and our object now is not to enforce morality, but to prevent 
disease. The use in brothels of these measures appears to be more efficacious 
than any other In some of the French tewns the use of lotions and waah- 
ings is rigoroualy enforced, with the effect of lessening disease considerably. 

4. Detection and Cure af Diseased Men and Women.—lIn the case of the 
soldier who has medical advice at hand, it seems of the greatest importance to 
have instant medical aid at the first sign of disease. But, instead of thia, the 
soldier conceals his ailment as long as possible, because he will be sent to 
hospital, put under stoppages, &c. A'‘late regulation has made this even more 
stringent, but surely its wisdom may be questioned. Surely the soldier 
should be encouraged to make immediate application, and he should certainly 
not be punished for a fault which his superiors commit with impunity, and 
for which the State is in part answerable by enforcing celibacy. Our object 
is to preserve the man’s health and services for the State ; we shall not accom- 
plich this by ignoring what is a common consequenee of his conditions of 
service. Health inspections, which are not now obligatory, ought, in 
my opinion, to be made weekly by the surgeon. I believe these inspections, 
when carefully made, to be of the greatest service. Some medical officers used 
to consider them derogatory to themselves, and slurred them over. I can 
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neither partipipate in, nor indeed: understand, a feeling of this kind ; i seems 
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It has been also proposed to detect and cure the disease in prostitutes. A 
great outcry has been raised against this proposal, which is yet a matter of 
ution which the State is surely bound to take. A woman chooses to 
follow a dangerous trade—as dangerous as if she stood at the corner of a street 
exploding gunpowder. By practising this trade she ought at once to bring 
herself under the law, and the State must take what precautions it can te pre- 
vent her doing mischief. The State cannot prevent prostitution. We shall 
see no return to the stern old Scandinavian law which punished the prostitute 
with stripes and death ; but it is no more interference with the li of tite 
subject to prevent a woman from propagating syphilis, than it would be to 
prevent her propagating smallpox. 

The difficulty is to detect when she is diseased. Abroad, an elaborate 
system is in use for this purpose ; brothels are registered, and their inmates 
regularly examined. In this country sucha system seems to many people too 
like a recognition of the inevitableness of prostitution, and to a certain extent 
a sanction of it. It does not present itself to me in this light, but as a simple 
matter of precaution. A custom exists which we cannot set aside ; let us ob- 
viate its effects as best we may, while, at the same time, by higher culture and 
better religious teaching, we endeavour to gradually remove the custom.* 

A partial adoption of this plan has been commenced by the military and 
naval authorities in this country, and Actes have been passed (1864, 1866, and 
1869) by means of which the prostitutes of certain military and naval stations 
are brought under supervision.t The important clause in the Act for 1866 
is clause 15, which provides that when an information is made on cath that 
& Woman is a common prostitute, living within the limite of any place to 
which the Act applies, or having been within those limits for the purpose of 
prostitution, a justice may issue notice to such woman, through the superin- 
tendent of police, to appear for medical examination. She is then kept under 
continued inspection, and certified Lock Hospitals are provided for her treat- 
ment if she is discovered to bell. Clause 36 is also an important one ; it 
imposes a penalty of £20, or imprisonment, with or without hard labour, on 
any brothel-keeper or owner of a house who, having reasonable cause to know 
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to her employer. As soon as she is fairly involved, she is a slave; there is no relief till she 
oe ee ee ee is ter tar pls ox caet Surely pros should be done to ave ba 
migh recognising from & procuress 
brothel , and to also deview means for at once giving her the means of relesse from her 
life if abe desires it. Alao, if auch houses must exist—and who can venture to hope they will 
not t—they may at least be made less elie sae eee ee Oe oe murder, 
AS peenand, ie » a6 it exists, is a gi scandal to Christianity, Jeancel’s singular 
hich cuando Gulendocy) ak sas eee ee nad meen eet en teat 
Hightan cena afer the Gat are we still st euch a point f 
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a woman to be « prostitute, and to be ‘hffected with a contagious disease, 
Sipca tae Witasuel 0s Oa tana bac ae areas of ees 

This Act came into force on the Ist October 1866 ; and in some stations, 
as ot Aldershot, it was really more than half a year after this time before it 
could be put into fores, 


Admissions of Primary Venereal Sore per 1000 of Strength. 





STATIONS UNDER THE ACT, 













Plymouth, . 
Portamouth, : 


Cha ‘ 
Watieat. : 
Aldershut, 
Dover, 





London, . . 
Sheffield,. . 
Manchester, . 
Dublin, . . 
Isle of Wight, 
Belfast, . . 


Since the passing of these Acts there has been a most decided decrease in 
the number of primary venereal sores at all the military stations under the 
Acta, compared with non-protected stations, And this is the more satisfactory, 
because the frequent movement of the troops, and the number of stations 
where there is no control of disease, render the working of the Acts difficult. 
The ie for the years 1867~76 at a few stations will show the decrease (see 
above). 

Of course, it is difficult to compare garrison and commercial towns, still the 
above figures show a decided decline in the controlled stations, 

But the following figures, kindly given me by Dr Balfour, are quite con- 
vincing. 

In 1871 and 1872 there were fourteen stations under the Contagious 
Diseases Act, with a mean strength of 51,400 men ; putting can these other 
fourteen stations not under the Act, with an average strength of 19,953 men, 
we have the following ratio -— 


Admission per 1000 of Strength. 










1871, 
* (1872, 


Stations not under the Act, } 187 






whe a i tae a gel 
or want | 80 
gonorrhoea of the two classes shows that the lense sng of primary 
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venereal sore in the controlled stations is owing to a real diminution of syphilis? 
and not to lessened frequency of intercourse.* This is proved again by the 
following figures given me by Dr Balfour. 

In 1864, the year before the Act came into operation, the average admissions 
at all the stations from primary venereal sore were 108°6 per 1000. In 1872, 
at the uncontrolled stations, the number was still higher, being 123-2, so that 
syphilis had not declined in the uncontrolled stations. But, as already said, 
in fhe controlled stations in 1872, the admissions were only 53°3, Therefore, 
the gain to the State in the controlled stations was (108°6-53°3) 55 admissions 
leas per 1000 of strength ; and in a mean strength of 50,000 men the State 
‘was saved the coat of 2750 cases of primary venereal sore in that year, and 
the men were saved the enormous injury to their health, which would other. 
wise have resulted. 

Let the facts be put in another form. Taking the first seven years that the 
Acts were in operation (before the introduction of the stoppage regulation in 
1873), viz., 1865-72 (though in the early years the operation was partial and’ 
imperfect), we have the following figures :— 


Admission per 1000 of Strength, 1865-72 inclusive. 
Primary Sores. Gonorrhea. 


All stations not under the Act (mean ; 
atest emsth 82,528 men), {mean} 1084 the 
tations under the Act (mean strength . 
30,765 men), is a ae i S aee ee 


There was therefore a practical identity in gonorrhceal admissions, but the 
annual admissions for primary venereal sores were reduced in the controlled 
stations by 40°3 per 1000. In the eight years the State was therefore saved 
very nearly 10,000 cases of syphilis ; and supposing each demanded twenty 
days of treatment (which is moderate), 200,000 days of sickness have been 
saved in eight bee 

Such, then, has been the operation of the Act under many disadvantages, 
ba eg ore st pass only beneficial effect. 

e Act at the stations has done great good in some other directions, 
especially as regards the women. Many women have been reclaimed ; the 
horrible juvenile prostitution has almost ceased, arid comparative decency has 
been taught in the hospitals. Still the Act is too feebly drawn, and too 
partially carried out, to cope entirely with the evil. The prostitutes are not 
thoroughly under inspection ; many are not inspected at all ; neighbouring 
towns send in prostitutes ; and hospital accommodation is insufficient. 





* In the return for 1876, we find the following :— 










14 Stations under the A 
strength 48,620, . *b 

14 Stations not under the 
Act, strength 18,790, . } 


Al the stations not under the Act, grouped together, show a mean of 38,078, with 

416 admissions for primary venereal sores, or 68 per 1 83 perl ‘ 

ca oa ay is Gomes the ke la Bite the ie 1873) have been 
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The prostitates from surrounding districts not in the Act also come into 
these towns and camps, either remaining for a few days and then disappearing, 
or, if diseased, stopping till they can get admitted into hospital, Regiments 
coming from other quarters not under the Act; men coming from furlough or 
detachment, also introduce the disease ; in fact, the means of evasion and of 
reintroduction are numerous. 

One consequence of the Contagious Diseases Act was to make public the 
most frightful state of things among the women of our garrison towns. The 
vivid picture of the Chatham prostitute’s life, drawn by Mr Berkeley Hill,* 
was no exaggeration. Reporte from the Lock hospitals at other places would, 
if published, have borne out all Mr Hill all Shocking as these dis- 
closures are, and mortifying as they may be to our national pride, it is by far 
the best plan to have them made. An evil like this must not be treated in 
the shade ; it will never be overcome till the public know its proportions ; the 
deadly mists which cling round and poison the very basis of society can be 
dispersed only when the healing light of the eun falls on them. It is at any 
rate encouraging to learn that the effect of the Act has been greatly to improve 
the manners and habits of the women—to impose some restraint on them, 
and to restore to them something that, in comparison with their former life, 
may be called decency. 





* British Medical Journal, 1867, 


CHAPTER XIX. 


DISINFECTION. 


Tsx term “ disinfectant,” which has now come into popular use, hes unfor- 
timately been employed in several senses. By some it is applied to every 
agent which can remove impurity from the air ;* by others, to af substance 
which, besides acting as an air purifier, can also modify chemical action, or 
restrain putrefaction in any substance, the effluvia from which may contamin- 
ate the air ; while, by a third party, it is used only to designute the substances 
which can prevent infectious diseases from spreading, by destroying their 

ecific poisons. This last sense is, I conceive, the most correct, and it is 
that which is solely used here. The mode in which the poisons are destroyed, 
whether it be by oxidation, deoxidation, or arrest of growth, is a matter of 
indifference, provided the destruction of the poison is accomplished. The 
general term, “ air purifier,” is given in this work to those agents which in 
any way cleanse the air, and which therefore include disinfectants (see page 
135 for the Air Purifiers), and the term, “Sewage Deodorants,” to those 
substances which are used to prevent putrefaction in excreta, or in waste 
animal or vegetable matters, or to remove the products of putrefaction (see 
page 398 for the Sewage Deodorants). 

The chief human diseases which are supposed to spread by means of 
special agencies (conveniently designated under the name of “ contagia”),f are . 
the exanthemata ; typhus exanthematicus ; enteric (typhoid) fever ; relapsing 
fever; yellow fever; paroxysmal and the allied remittent fevers ; dengue; 
cholera ; bubo-plague ; influenza ;} hooping-cough ; diphtheria ; erysipelas ; 
dysentery (in some cases) ; peopel fever ; syphilis ; gonorrhoea ; glanders ; 
farcy ; and malignant pustule. There are some few others more uncommon 
than the above. 

The term “disinfectant” might also be applied to substances destroying 
entozoa, or epiphytes or entophytes, but there is a disadvantage in giving it 
so extended a meaning. 

It has long been a belief that the spread of the infectious diseases might 
be prevented by destroying the agencies in some way, and various fumiga- 
~ firea, and similar plans have been employed for centuries during great 
epidemics. 

In order to apply “disinfection,” in the modern sense of the term, we 
ought to know—1s/, the nature of these contagious agencies ; 2d, the wiedia 
through which they spread ; and 3d, the effect. produced upon them by the 
chemical methods which are supposed to destroy or modify them. 


1, The Nature of the Contagia.t 
This point is at present the object of eager inquiry. In the case of one or 
* Dict. d’Hyg. art. Disinf | other authors, 
+ It will be Sa Aiak the cd eee te hence ead contagionn iieeapee, ed 


for 
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say Report on Hygiene for 1873 (Army Medical Departesant Bloa Book, val alli }* 
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two of the above disoases, the question has been narrowed to a small compass, 
In variolous and vaccine discharge, and in glanders, the poizon certainly existe 
in the form of solid particles, which can be seen by hig powers as glistening 
pointe of extreme minuteness.* In cattle plague blood serum there are also 
excessively small particles discovered by Beale, which are probably the 
poison. The size of the particles supposed to be contagia is most minute ; 
some of them are not more than yyyyy of an inch, and Beale believes that 
there may be smaller still to be discovered with higher powers. Chauveau 
has washed the vaccine solid particles in water; the water did not become 
capable of giving the disease; the washed particles retained their power. . 
The epidermic scales of scarlet fever and the pellicle of the diphtheric 
membrane certainly contain the respective poisona, and after exposure to the 
air for weeks, and consequent drying, still retain their potency. It is moro 
likely that solid matters should thus remain unchanged than liquids, but it 
has not yet been proved that this is so, and at preaant the exact physical con- 
dition of the contagia of the other infectious diseases remains doubtful. 

The extraordinary power of increase, and capability of producing their 
like, possessed by some of the contagia when placed under specis! fostering 
cireumstancea, as in the bodies of susceptible animals, lead to the belief that 
they are endowed with an independent life. The old doctrines that they are 
simply either poisonous gases or anima] substances in a state of chemical 
change, and capable of communicating this change, or that like the so-called 
fermente (ptyalin, pancreatin, diastase, emulsin), they split up certain jbodies 
they meet, are not now in favour. 

The retention of the power of contagion for some time, and its final 
loss, the destruction of the power by antiseptics which do not affect the action 
of such bodies as ptyalin or diastase, and the peculiar incubative period which 
is most easily explained by supposing a gradual development of the active 
agent in the body, are more in accordance with the hypothesis of independent 
life and power of growth. 

The independent living nature of the contagia is a belief which has long 
been held in various forms. At the present time there are three views, each 
of which has some arguments in ite favour. 

(1.) The partieles are supposed to be of animal origin, born in, and only 
growing in the body ; they are, in fact, minute portions of bioplasm (to use 
Dr Beale’s phrase), or protoplasm. f 

This is the old doctrine of “‘ fomites ” expressed in a scientific form, and 
supported by a fact which was not known until lately. This is that the 
independent life ascribed to these particles of bioplasm is no assumption, since 
we are how ae po re of t aa animal cells or ra ae 
are virtually independent organisms, having movements, and apparently 
searching for food, growing, and dying. 

This view explains singularly well the fact of the frequent waat of power 
of the contagia of one animal to affect another family ; as, for example, the 
non-tranaference of many human diseases to brutes, and the reverse. It also 
partly explains the non-recurrence of the disease in the same snimal by 
suppoding an exhaustion of a special limited supply of food, which cannot be 


* The observations of Chauveau, Beale, and Burdon-Sanderson, and sfill more recently, of 
dese not follow tr i tothe: are such Tne te *coatagi,” ss cxpatonts 
Score ut seo amt tes bs Pheer Bene there are numerous small particles, 

oe eee te Soe, ee metemcrphosls of white 
: This view has heen: advocated with great foros hy Beals (Disense Carma, 91 editha); and 
(The Germ Theory of Disease, 24 edition). 
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restored, since it may be sapposed that’ some particular bodily structure is 
altogether destroyed, as, for example, Peyer's patches may be in enteric fever, 
One objection to this view is, on the other hand, that living animal particles 
die with great rapidity after exit from the body, while the contagia do 
certainly last for some considerable time.* 

(2.) particles have been conjectured to be of fungoid nature, and to 
simply grew in the body after being introduced ab externo, This view is 
supported by the peculiarities of the rapid and enormous growth of fungi, by 
their penetrative powers and splitting up action on both starchy, fatty, and 
albuminoid substances, and by the way in which certain diseases of men and 
of animalst are undoubtedly caused by them. It is clearly a view which 
would explain many phenomena of the contagious diseases, and has been sup- 
Schoo by the experimental evidence of Hallier and many others who have 

ieved either that they have invariably identified special fungi in some of 
these diseases, or that they have succeeded in cultivating fungi from particles 
of contagia. At the present time, however, the evidence of true and recognis- 
able and special fungi being thus discovered and grown, and forming the 
efficient causes, is very much doubted by the best observers. The micrococci 
of Hallier, supposed to be formed by the disintegration of the protoplasm of 
fungi, and eich Hallier considers can again develop to fungi, are looked 
upon by many as mere detritus. { 

(3.) The particles of contagia are thought to be of the nature of the 
 Schizomycetes,” <¢., of that clasa of organisms which Nigeli has separated 
from the fungi, and which form the lowest stratum at present known to us of 
the animate world. They are termed Bacteria, Zooglea, Microzymes, Vibrios, 
Monads, &. Their relation to the fungi, or to the Oscillarines, to which 
they are perhape closer, is yet a matter of warm debate, 

That these creatures are concerned in many diseases is clear.§ Lister's 
genius first brought their practical importance forward, and the late researches 
of Klebs, Recklinghausen, and others, have shown how great a part they play 
in the production of Septicwmia. The carbuncular disease of cattle and 
sheep (splenic apoplexy) is also intimately connected with Bacteria ; and if 
the observations of Coze and Feltz are correct, the same is true of typhoid 
fever. Ferdinand Cohn has lately asserted|| that even the glistening particles 
of vaccine lymph are Bacteria. Bacteria have been proved to cause disease of 
the intestinal mucous membrane, the uterus, the kidneys, and the heart, and 
they play some part in hamorrhagic smallpox. 





* A modification of this view under the name of the Glandular Origin of Disease, is advo- 

sated by Dr B. W. F.R.S. (Address to the Sanitary tute of Great Britain, 

, 1877, Matwre, No. 414, Oct. 4. 1877, p. 480). A 
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Yet if is. certain that in some of the epidemic diseases there are no Bacteria. 
In cholera, Lewis and Cunningham'have failed, in spite of the most Vel» 
ing march to ind Bacteria (ot fg) inthe diochargs or blood of chore 


They are so widely spread in nature (in sir, it ia believed, and in water) ; 
their powers of growth, by division, are so wonderful ; their food 4 
phosphates, and Driers starches or sugars) is so plentiful, and their tenacity 
of life so great, that it is no wonder great consequence is now attached to them. 
Yet it is their very universality which is the strongest argument against the 
view that they constitute the contagia of any of the specific diseases, and any 
one who considers the peculiar spread of the contagious diseases will admit the 
force of this objection. To meet this objection, it has been surmised that they 
are not the contagia, but merely their carriers. This view has not been 
defined ; but as the plasma of Bacteria is albuminoid, it may perhaps be taken 
to mean that while the Bacteria are usually harmless, their plasma may 
become, in certain cases, altered in composition, and then becomes poisonous 
in different specific ways. Bacteria feeding in the blood of a typhus patient 
will become nourished with morbid plasma, and thus, so to speak, it is diseased 
Bacteria which become dangerous. We get here beyond the range of present 
observation, and are conscious how impossible it is with our present instru- 
ments to investigate such an hypothesis.* \ 

The belief which some entertain that the Schizomycetes are the efficient 
agenta of the contagious diseases has led to a number of experiments on the 
destruction of Bacteria by heat and by chemical agents, in the belief that the 
doctrine of disinfection was thereby elucidated. This could hardly be the 
case, unless we are certain that the Bacteridia are the contagia, which is not 
the case in some of those diseases, and not proved to be so inany. Disinfec- 
tion must rest at present on its own experimental evidence. 

The belief in the part played by Bacteridia has led also to much ‘interest 
being taken in the discussion on ferments, and in the question of spontaneous 
generation, as it isimagined that a clue might thus be found to the origin, de 
novo, of the contagia. Mr Darwin's doctrine of Pangenesis has even been 
ety into the discussion, though it rather makes the darkness greater than 

ore. It is curious to find so practical a matter as that of disinfection 

brought into relation with some of the most subtle and controverted questions 
of the day; but the important bearing which the acceptance of one or other of 
theee views would have on the practice of disinfection is evident. 

If the “ contagia ” are simply excessively minute portions of bioplastic 
icles, in Beale’s sense, we may be sure nos Cpt alain pe here a heat 
below that of boiling water, and very weak chemical agents, destroy all 

signs of vitality in animal cells and ssolecnlen We might, therefore, 
much from disinfection. Fungi in water are destroyed by s com tively 
low heat ; while in dry air Penscillium glaucum is not completely a , 
ing to Pasteur, till 127° C. (=270° Fabr.), and Oidium aurantiacum 
dies at about the same temperagure. On the contrary, the Bacteroid bodies 


¥ 
Fabr. insufficient to kill them, and after boiling them for half an hour they 
still ahowed vital movements ; and in Calvert's experiments a heat of no les 
than 400° Fahr. {= 204° C.) was required to thoroughly destroy them, and 
* For further information ses the Address in Medicine by Webern eo TRS elt 
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Our knowledge of this point is far more defined, and nisy be thus 
summarised :— 


' ‘The special and distinctive phenomena of each disease are usually attended 
with special implication of some part of the body, and it is especially these 
which contain the contagia. In these there is slg: Ag 
growth, and if the parts are on eee surface, eae detachment. 
and epidermis of emallpox ; the epidermis and the mouth and throat epithelia 
of scarlet fever ; the skin and bronchial secretions of measles ; the stools con: 
taining the discharged detritus of Peyer’s glands in typhoid fever ; ; the dis- 
charges of cholera ; the discharges and eruptions of syphilis, glanders, farcy, 
and malignant pustule, are instances of this. In typhus fever the skin is 
affected, and it is generally supposed that it is from the skin that the viras 
spreads, since this disorder is so easily carried by clothes ; the same is the case 
with plague. In fact, those parte of the body which are the breeding-places 
of the contagious particles give off the poison in greatest amount. The por- 
tions of the body thus thrown off, and containing the contagia, may then pass 
into sir, or find their way into water or food, and in this way be introduced 
by breathing, drinking, or eating, or through ‘broken surfaces of the body. 
The principles of disinfection ought evidently then to deal with the poisons, 
at their seats of origin, as far as these are accessible to us. It was the instinct 
of genius which led Dr William Budd to sage out that the way to prevent 
the spread of scarlet fever is to attack the skin from the very first ; to destroy 
the poison in the epidermis, or failing that, to prevent the breaking up oy 
passage into the air of the particles of the detached epidermic scales. 
disinfectant inunctions of the skin, and the most complete disinfection of the 
clothing which touches the skin of the patient, are the two chief means of 
arresting the spread of acarlet fever. The rules for smallpox are almost 
identical, though it is more difficult to carry them out; and they have to be 
supplemented by aerial disinfectién. In enteric fever the i iate destrue- 
tion of all particles of ison = the stools by very strong chemical reagents, 
and the prevention of sks polec getting into sewers or drinking water or food, 
are the measures obviously "fecanded by the peculiarities of = apecial 


‘The mote completely these points are investigated, and the more 5 perfectly 
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the bresding places in. the body are known, the more precise will be our means 
of disinfection. ~* | 


To restict the term disinfectant to cheno ante inthe ait voms fr ton 
narrow 8 View, ‘the disadvantage of leading to attampts at destroyi 
veisone in what is the most uncertaix and dificels mothod.* | oo 
3. The fect produced on the Contagia by Chemical Agents, or heat or cold, 
in diferent Diseaaca.t 


Our knowledge of this point is very imperfect, as it is necessarily derived 
fa a ee Coane, a ee a disease seems piiegiacty A 
disinfecting measures we employ. The experiment is a coaree one, and is 
conducted under all possible difficulties, 
Disinfection in various Diseases, 

Kzanthemata, Scarlet Fever, and Rotheln.—The points to attack are the 
skin and the throat. The skin should be rabbed from the very commence- 
ment of the rash until completed desquamation with camphorated oil, or oil 
with a little weak carbolic acid. The throat should be washed with Condy’s 
fluid, or weak solution of sulphurous acid. Clothes to be baked, or to be 
placed. at once in boiling water, to every gallon of which 2 ounces of commer- 
cial chloride of lime, or 1 ounce of sulphate of sine, or 4 fluid ounce of chloride 
of sinc, is added. The clothes should not be washed at a common laundry, 

Chlorine or euchlorine should be diffused in the air, the saucer being put 
some little distance above the head of the patient. Carbolic acid and ether or 
carbolic acid spray may be used instead. 

In this, as in all casee, there can be no use in using aerial disinfectants, 
unless they are constantly in the air, e0 as to act on any particle of poison 
which may pass into the atmosphere. 

Smalipor,—The skin and the discharges from the mouth, nose, and eyes 


* So also to reatrict the term “ disinfectant * to an oxidising agent cannot be right. A disin- 
fectant is simply a destractive agent, and the destraction may donbtless be produced in dif- 


ferent ways. 
hddpir geld Doge of chemical reagents on low forms of vegetable and animal 
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ave to beatteckad. Thére is much greater difficulty with the skin, as.inunction 
cannot bageadiche? aici But smearing with oi] and a little carbolic acid 
giycerina,-or in difficult erp kesh ges glycerine to the papules and 
acid solutions shonld be used for the mouth, nose, and eyes. The clothing 
should always be baked before washing, if it can be done. The particles 
which pass into the air are enclosed in small dried pieces of pus and epithelial 
seales; and Bakewell, who has lately examined them, expresses great doubt 
‘whether any air-purifier would touch them. Still it must be ere 10 ats 
euchlorine or carbolic acid. Iodine hag been recommended by Ri n 
and Hofmann. 

Measles.—Oily applications to the skin and air-purifiers, and chloride of zinc 
or of aluminium in the vessels receiving the expectoration, appear tg be the 
proper measures. ; 

. Typhue (exanthematicus).—Two measures seem sufficient to prevent the 
of typhus—viz., most complete ventilation and immediate disinfection 
and cleansing of clothes. But there is also more evidence of use from air- 
urifiers than in the exanthemata. The nitrous acid fumes were tried very 
ly towards the close of the last century and the beginning of this, in the 
hulks and prisons where Spanish, French, and Russian prisoners of war were 
confined.* At that time, so rapidly did the disease spread in the confined 
spaces, where 80 many men were kept, that the efficacy even of ventilation 
was doubted, though there can be no question that the amount of ventilation 
which was necessary was very much underrated. Both at Winchester and 
Sheerness the circumstances were most difficult ; at the latter place (in 1785), 
in the hulk, 200 men, 150 of whom had typhus, were closely crowded 
together ; 10 attendants and 24 men of the crew were attacked ; 3 medical 
officers had died when the on Sa commenced. After the fumigations, 
one attendant only was attacked, and it appeared as if the disease in those 
already suffering became milder. In 1797 it was again tried with success, 
and many reports were made on the subject by army and naval surgeons. It 
‘was subsequently largely employed on the Continent,t and everywhere seems 
to have been useful. 

These facts lead to the inference that the evolution of nitrous acid should 
be practised in typhus fever wards, proper precautions being taken to diffuse 
it equally through the room, and in a highly dilute form. | 

H ric acid was employed for the same purpose by Guyton-de- 
Morvean, in 1773, but it is doubtless much inferior to nitrous acid. Chlorine 
has been also employed, and apparently with good resulta, } 

In typhus it would seem probable that the contagia pass off constantly by 
the skin ; at least, the effect of ventilation, and the way in which the agent 
adheres to body-linen, seem to show this. The agent is not alzo enclosed in 

uantities of dried discharges and epidermis, as in the exanthemata, and is 

herefore less persistent, and more easily destroyed, than in those cases. 
Hence possibly the greater benefit of fumigations, and the reason of the arrest 
by ventilation. The clothes should be baked, steeped, and ‘washed, as in the 
exanthemata. 


+ Bubo Plague—The measures would probably be the same as for typhus. 
. Enteric. typhoid fever).—The bo i are believed to be the 
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ENTERIC (TYPHOID) FEVER.— CHOLERA. BIE: 


chief, if-not the sole, agents in spreading the disease; the effluvia from thei’ 
poe gre the sir, and will adhere to walls, and retain power for some time, 
or ii themecives may get into drinking water. isobar 
should be at once mixed with a powerful chemical agent; of those, chlo 
and sulphate of zinc have been cig Baza but sulphate of copper (which 

found so useful in stopping the growth of animaloulm), chloride of 
aluminium,* or solution of ferrous sulphate (1 ounce to a pint of 
water), or carbolic acid.t After complete mixing, the stools must be thrown 
into sewers in towns; but this should never be done without previous com- 
plete disinfection. In country places they should be deeply buried at a place 
far removed from any water supply ; they should never be thrown on manure 
heaps or into middena, nor into earth closets, if it can possibly be avoided. 
As the bedclothes and beds are so constantly soiled with the discharges, they 
should be baked, or if this cannot be done, boiled immediately after removal 
with sulphate or chloride of zinc. It would be less necessary to employ air- 
purifiers in this case than in others. 

Cholera.—There can be little doubt that the discharges are here also the 
active media of conveyance of the disease, and their complete disinfection is 
a matter of the highest importance. It is, however, so difficult to do this 
with the immense discharges of cholera, especially when there are many 
patients, that the evidence of the use of the plan in the last European 
epidemic is very disappointing. 

The ferrous sulphate (green vitriol), which has been strongly recommended 
by Pettenkofer as an addition to the cholera evacuations, was fully tried in 
1866 at Frankfurt, Halle, Leipzig, in Germany, and at Pill, near Bristol,t and 
in those cases without any good result. In other places, as at , the 
benefit was doubtful. It seemed to answer better with Dr Budd and Mr 
Davies at Bristol, but other substances were also used, viz., chlorine gas in 
the rooms, and chloride of lime and Condy’s fluid for the linen. On the 
whole, it seems to have been a failure§ Ferric sulphate, with or without 
potassium permanganate, has been recommended by Ktihne instead of ferrous 
sulphate, but I am not aware of any evidence on the point. Carbolic acid 
was used in England in 1866, and appeared in some cases to be of 
use, a8 at bin, near Bristol, and perhaps in Southampton. It failed at Erfurt, 
but as it is believed the wells were contaminated by scakage|| this is perhaps 
no certain case. Chloride of lime and lime were used at Stettin without any 
good result, and on the whole, it may be said that the so-called disinfection 
of the discharges of cholera does not seem to have been attended with very 
warked resulta. At the same time, it cannot be for a moment contended that 
the plan has had a fair trial, and we can easily believe that unless there is a 
full ing on the part of both medical men and the public, of what 
is to be accomplished by this system, and a conscientious carrying out of the 

lan to its minutest details, no safe opinions of its efficacy or otherwise can 
arrived at, It would be desirable to try the effect of chromic acid or 


bighromate of potassium. ) 
With regard to air-purifiers, little evidence exists. Chlorine gaa, diffused 


* fn. of chloride of elominium, I refer alwaya to the streng solution, and not to the 
6 ” at hare a weak solution. 


am, in 
: Or.a mixtire of Det) Be ivi Budd) ix of chemicals rather 
than sea the persis rick of falling by sate newer ) 
sction i peeventing and the Committe of the Berlin 
le rani aie to recommend it for cholera, as they found 1s did not provent formas 
|] Slath: Report off the Medes! Officer to the Privy Council, | a 


>» 


preveating the open ofthe dann was very nota | 
this case the discharges, especially from da acacia, 
spread the disease, and disinfectants must be mixed with them. 
my of nitrous acid were employed by Ramon da Luna,* and it is 
asserted that no agent was so effectual in arresting the spread of the disease. ° 

Dysentery.—It is well known that dysentery, and cepecially the putrid 
dysentery, may spread through an hospital from the practice of the same close 
stool or latrines being used. As long ago as 1807 fumigations of chlorine 
were used by Mojon,f to destroy the emanations from the stools, and with 
the best effects. The chlorine was diffused in the air, and the stools were not 
disinfected ; but this ought to be done, as in enteric fever, and especially in 
the sloughing form. It is probable that carbolic acid in large quantity would 

‘be efficacious, 

With reapect to Brysipelas, Diphtheria, Syphilis, Gonorrhwa, Glandere, 
and Farey, local applications are evidently required, and carbolic seid, in 
various — of strength, and the metallic salts, are evidently the beat 
measures. 

Cattle Plague.—The experiments made by Mr Crookes on the disinfectant 
treatment of cattle p: with earbolic acid vapour have an important bearing 
on human disease, though the observations © fall short of demo 
there are grounds for thinking that when the air was an soar A 
with carbolic acid vapour, the disease did not spread. 
employed in Lancashire by. Professor Stone of bed ga porpiom with pepo 
benefit. Dr Moffat peal hg ozone aha nerd from phosphorus exposed to 
the air), and he believes with benefit.§ As such experiments are very much 
more etsly carried out on the diseasce of animals tan on thooe of it is 


ould 
be tested by continuing the ex commenced, by Mr Crookes, not onl: 
Ee aa pr esiaprypncnr agit cyte dar 





PURIFICATION OF BOOMS, CLOTHES, AND BEDDING, iT | 
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Purification of Rooms after Infectious Diseases.—In addition to th h 
cleansing of all wood-work with soft soap and water, to which a little carbolic 
gcid has been added (1 pint of the common liquid to 3 or 4 gallons of water), 
and to removal and washing of all fabrics which can be removed, and brush- 
ing of the walls, the room should be fumigated for three hours with either 
the fumes of sulphurous or nitrous acids. Both of these are believed to be 
superior to chlorine, especially in smallpox. All doors and windows and the 
chimney being closed, and curtains taken down, sulphur is put in a metallic 
dish, a little aloohol is poured on it, and it is lighted. The proportions should 
be 1 & of sulphur for every 1000 cubic feet.of apace ;* and in a long room, 
it is best to have the sulphur in two or more places.t After three hours the. 
doors rte lal should be opaned, and kept open for twenty-four or 
thirty-six hours. 

In white-washed rooms the walls should be scraped, and then washed with 
hot lime to which carbolic acid is added. 

Mortuaries and dead-houses are best purified with nitrous acid (see -p. 


137 
ion of Clothes and Bedding.—The best plan of doing this is 
certainly by the agency of heat. Dr Henry of Manchester, after showing that 
vaocine matter lost its power if heated to 140° Fahr. for three hours, 
to disinfect clothing by dry heat. He disinfected scarlet fever clothing by 
exposure to 212° Fahr. for one hour ; woollen clothing from plague patienta, 
after being heated twenty-four hours from 144° to 167° Fahr., was worn with 
impunity by 56 healthy persons for fourteen days. Heat has been largely 
used to disinfect clothing by the Americans in their civil war, both in the 
form of dry heat and boiling water. It is believed that the cessation of the 
plague in after St John’s day, is due to the increased heat of the air ; 
it possibly the hygrometric condition of the air may have more to do with 
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B18 : DISINFECTION. 1 


this, Jt has also been surmised that the yellow fever poison is destroyed + 
ea Dr Shaw has det Ue ee facts wtih woke 2 
a : E : 


Disinfecting Chambers.—Hot-air chambers, into which the linen and bed. 
ding are put, are now commonly used in baking infected clothes. The tem- 
perature ought not to be less than 220° Fahr., and probably a temperature of 
250° Fahr. is desirable, but it must not be carried much above this, as some 
fabrics are singed.t{ The usual arrangement is a furnace with the smoke 
shaft passing under or on one side of a brick chamber, and with a hot-air blast 
from a shaft running through or under the fire into the chamber itself or into 
a passage below it, whence it passes into the chamber through a valve; an 
exit for the hot air is provided at the top of the chamber ; the clothes are 
suspended in the chamber, at a little distance from the walls. P 

other cases the bottom of the chamber is made of iron and the smokg 
flue passes beneath it; the iron becomes red hot, and is covered with sand, to 
prevent the clothes taking fire. Hot air is then poured into the chamber in 
the same way.{ The disadvantage of the hot-air blast is the uncertainty and 
variation in the amount of heat. 

Dr Ransom of Nottingham has devised a gas stove, viz., an iron box well 
covered with non-conducting material ; in a channel leading to it a gas jet 
burns ; by means of a regulator (modified from Kemp’s regulator) the heat is 
kept uniformly, day and night, between 235° and 255° Fahr.; the hourly 
consumption of gas is 9 cubie feet for a small stove, which is sufficient for the 
hospital at Nottingham.§ 

Steam has been also used; and, at Berlin, a steam disinfecting chamber, 





* ‘I'rans. Soc. Science Assoc. for 1864, p. 558. 

+ My friend, Dr Ransom of Nottingham, has made riments on this point, and though 
when clothes are wet, higher ratures can be used, yet when the clothes get dry, he found 
that fine fabrics begin to scorch at 255° or 260°. 

In the Lancet (1] December 1876) I reported the results of some experiments undertaken at 
the request of the Direetor-General (A.M.D.). I found that woollen fabrics c colour 
after 6 hours exposure to 212° Fahr., or two hours at 220° Fahr.; generally rag ete 
and elevation of temperature are complementary. Cotton and linen radu of change 

ODA 


al-de-Grice, has made 
on par iar chaud, Mémoires dela Societé de Médicine Panliqae 
et d'H. © Professionelle, Sie He finds that a piece of new white flannel is not more dis. 
coloured after 2 hours at 280° . than after one ordinary washing, and that even after three 


pep rd oa erent 
F 

hours a piece already washed sho 32 however, at 240° Fahr. to . 

pi yw we no change; 2 hours, er, ahr. to 250° Fahr., 


- DISINFECTION BY HEAT. ‘$19 


proposed by Dr Hese,* is esid to work well, This chamber ia in the form of 
two iron cylinders of diferent diamaters, one inside the other, and with walls 
strong enough to withstand the pressure of the steam ; between the two 
oyli steam enters from a neighbouring boiler, and heats the internal 
cylinder in which the clothes are suspended; at the top of the cylinder is a 
brass box which dips a little way down, and is pierced with holes at the 
bottom, eo that the air of the inner cylinder can rise into it ; in the box is a 
thermometer. The outer cylinder is covered with wood, and the top of the 
cylinder with felt, to economise heat ; the steam, when it condenses in the 
apace between the cylinders, flows out by means of a valve, which is: lifted 
when the water reaches a certain point in the condenser.. The clothes are in- 
troduced at the top, the lid of the cylinder being lifted up by a pulley ; they 
are not allowed to touch the cylinder, but are suspended from wooden pegs. 
In an hour's time the heat can be brought to 90° R (=234°:5 Fahr.). 
Another apparatus has been contrived by Esse for mattresses. It is an iron 
case with a spiral steam pipe in the centre, which heats with compressed steam 
(two atmospheres). f 

The ordinary drying closet in a good laundry will sometimes give heat 
enough, but not always, A baker’s oven can alao be used on emergency. 

Soaking and Boiling Clothes,—The boiling of clothes is not so good aa bake 
ing, but still is very useful. It is desirable toadd some chemical agent to the 
water, and chloride of lime is frequently used in the proportion of 1 gallon 
of the strong commercial solution to 20 or 30 gallons of water. Carbolic acid 
(1 part of pure acid and 2 parts of commercial acid to 100 of water) is also 
much employed. The German military regulations order the clothes to be 
laid for twenty-four hours in a solution of sulphate of zinc, in the proportion 
of 1 part to 120, or of chloride of zine, in the proportion of 1 part to 240, and’ 
then to be washed with soap and water, if the clothes cannot be baked. Tha 
routine I have myself followed in the case of a large military hospital during 
war was to receive all dirty clothes into a large open shed, and to plunge them 
at once into tubs of cold water with chloride of lime, After twelve to twenty- 
four hours soaking, according to their condition, they were put into cop 
and boiled, chloride of lime being again added to the water; they were then 
put into the washing-machine, and then dried and baked in a dry closet, 
heated to the highest point we could get, about 200° to 230° Fahr. If lice 
were very numerous, it was a good plan to bake the clothes before soaking ; 
the lice were mostly killed, but some were “Ny torpid, and were still living, 
after a temperature of probably 200° Fahr. They could, however, be shaken 
out of the clothes easily even if not dead. 
_ Fumigating Clothes.—This is best done with sulphur, which may be used 
in the hot chamber, or the clothes are suspended in e amall close ber or 
sarge Nan rel 6 ee, oe alps set on fire, care being taken that 
the clothes are not burnt. ir mattresses must be taken to pieces before 
fumigation if they are much defiled.} 


«Prat Vn, Geman at ORT 
z Directions for disinfection and fumigation are given in the Army Maiical Regulations 
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STATISTICS. 


Ax aceurate basis of facts, derived from a sufficient amount of experience, 
and tabulated with the pro ee ee 
as of all exact sciences. y surgeons have already contributed much im- 

statistical evidence as to the amount and prevalence of different 

and it is Mai that no — body oa oe nace yo! poseess 
such opportunities of collecting, with accuracy, 0 kind, among 
their own nations and others. As they have to make many statistical returns, 
it seems desirable to make a few brief remarks on some elementary pointe of 
statistics, which are necessary to secure the requisite accuracy in collecting end 
arranging facts. But it is, of course, impossible for me to enter into the 
mathematical consideration of this subject ; even were I competent, a separate 
treatise would be required to do justice to it. 


SECTION L 


A FEW ELEMENTARY POINTS CONNECTED WITH GENERAL 
STATISTICS. 


1. The elements of statistical inquiries are individual facts, or so-called 
numerical units, which having to be put together, or classed, must have pre- 
cise, definite, and constant characters. For example, if a number of cases of 
& certain disease are to be assembled in one group with a definite signification, 
it is indispensable that each of these cases should be what it purports to be, 
an unit not only of a definite character, but of the same character as the other 
units, In other words, an accurate diagnosis of the disease is essential, or 
proc and comperbl it bese lt we them. A. get neonate 
precise and com it is not to use them. great i 
rests on those who send in inaccurate statistical tables of diseases ; saree 
be remembered that the statist does not attempt to determine if his unite are 
correct ; he simply accepts them, and it is only if the reeulte he brings out 
are different from prior results that he begins to suspect inaccuracy.* 

2. These items or numerical units being furnished to the calculator, are 


him to ; that is to say, he tes the : 
Rep rs So aati oe deena Oa 





Or, & number of canea of sickness being given, these numerical units {all 
agreeing in this one point, that health ‘is lo i divided into groups 


' This group-building seems eimple, but to proper complex facts, so 
as to anal them, end to bring out all the posibbe faferenoon’ ena only be 
done by the most subtle and logical minds. The dividing character must be 
eo definite as marie no er at — group an unit shall fall; i¢ must 
be precise enough to prevent ibility of an unit being in two groups at 
the same time. This rale is of the importance, and many examples 
Ha i Piadied os pgs ang era cates then expressed 
ving on the groups, numerical : are 
in figures, for example >— 
. 3. In order to express the relation of the smaller groups to the gross 
number of individual facts or units, a constant numerical standard must be 
selected, else comparison between groups of unequal numbers cannot be made. 
The standard universally ee 2 medical agar ia to asa this relation 
as a percentage, or some multiple of a percentage. much per cent,, or per 
1000, or per 10,000, is the standard. This is got aye bef multiplying the 
number of units in the smaller group by 100, and dividing by the total 
number of unite. Thus, let us say there occur 362 cases of pneumonia ; this 
is divided spree opal recovered or died, say 343 recoveries and 19 
deaths ; and their relation may be expressed in one of two ways, viz, either 
by the relation of the deaths to the total number of cases, which will be— 


19x 100 


of mortality ; or by the relation of the deaths to recoveries, viz.— 
19 x 100 
37g 7 554 per cent 


4. Having established that in a certain number of cases, divided into 
groups, the number in each group beats a certain proportion to the whole, how 
far are we justified in concluding that the same proportions will be repeated 
in future cases? This will chiefly depend on the number of the cases, If 
the number of eases from which one proportion has been taken is small, we 
ean have no eonfidence that the same proportion will be repeated in future 
cases. If the number is large, there is a greater probability that the propor 
tion in succeeding numbers of equal magnitude be the same. The result 
obtaizied even from « very large number ia, however, pp Arai apr rari 

in whi it approaches the obtai 





to the truth, and the in whioh it truth can be obtained 
by calculation. The rule is given by Poisson for ing the 
limits of error, or, in other words, the of approximation to the 
truth >— 
Let » be the total number of cases recorded, 

m be the number in one 

be the mumber in the 
ae : So that +2, | ie 
| The proportion of each group: to the whole will be teapectively = an ?, 


. 
é, ‘ 
or 
“a z ° % y 
5 ' 
rf 
eet 

: 
’ ’ 





| mn {2 .m sn | 
S13] 
f _# 


and me m_g [2.m.n . 
It will be obvious that the larger the value of » the lees will be the value of 


a/ #5", and consequently the less will be the limits.of error in the simple 


’ m 
proportion rm 
An example will show how this rule is worked. The following is given by 
Gavarret (“ Statisque Médicale,” 1840, p. 284) :-— 
Louis, in his work on “Typhoid Fever,” endeavours to determine the 


effect of remedies, and gives 140 cases, with 52 deaths and 88 recoveries, 
‘What is the mortality per cent., and how near is it to the true proportion § 


m= §2= number of deaths. 
n= 88=number of recoveries. 
p= 140 = total number of cases. 


t.¢., 37 deaths in 100 cases, or more precisely 37,143 deaths in 100,000 cases. 
How near is this,ratio to the truth? The possible error is as followe—tho 
second half of the formula, viz.— 


) [2 mn 
ye 


will be 
2 a Tag 7011850 to unity, 
(Or 11,550 in 100,000.) 


The mortality being 37°143 per cent., or 37,148 deaths in 100,000 cases, 

in these cases, it may be in other 140 cases either 
37,143 + 11,550 = 48-693 per cent. 
or $7,143 — 11,550 =25'593 ss, 
In other words, in successive 140 cases the mortality will range from 49 per 
cent, (nearly) to 26 per cent. (nearly), eo that Louis’ numbers are far too 
to give even an approximation to the true mean.t 
. There being a number of facta, each of which can be expressed by a 

numerical value, an average or mean number is obtained by adding all the 
numerical values, and dividing by the number of facta. . 

In many cases the method by successive means is very useful. This con- 
siste in taking the mean of the mean numbers successively derived from & 
constantly repeated series of events (say the mortality to a given. population 


* This is sometimes stated thus :—- 


yearly), ‘Supposing, for the amma! movtatiy in England $o'be, in 
successive years, 33, 23, 21, 26, 28, 31, 22, 28, 22, 21, per 1000 living, the 
successive means would be— | 
23 +338 22 + 23 + 21 22 + 23 +21 +26 
2 3 4 


and so on, until the numbers are so great as to give every time the same 
result. It is useful to calculate the successive means in both the direct and 
inverse order, viz., from first to last, and then from last to first, ia, putting 
the two last together, then the three last, &c., so as to seo if the variation was 
greater at the end of a series than at the beginning, The degree of uncertainty 
is then the mean variation between the successive meana,* 

A plan almost the same as this has been used; a certain number of facta 
being recorded, the sum is divided into two, three, or more parta, and it is 
then seen whether the results drawn from the lesser groups agree with that 
tirawn from the larger group and with each other. If there is any great 
difference of results, the numbers of the lesser groups are not sufficient. In 
the instance given above, the mean of the ten years is 22°9.;the mean of the 
first three years is 22; of the second three years is 22°33 ; ‘of the third three 
years is 24. The term of three years is therefore far too short to allow a safe 
conclusion to be drawn. The mean of five years again is 23, and of eight 
years is 22-8, numbers which are much nearer each other and the mean of the 
the ee asiaidl hen obtained is of great importa but th 

ication of averages when obtained is of great importance, but there 
is one canal error. The results obtained from an average (that is, from the 
mean result obtained from a number of unita, not one of which perhaps is the 
same as the mean result, but either above or below it) can never be applied tu 
& particular case. On either side the average there is always a range the value 
of which may be obtained by Poisson's rule as above, and the particular case 
may be at either end of the range. The use of the average is to apply it to 
an aggregate of facts, Then supposing it be founded on a sufficient number 
uf cases, it will be exact. 

6. In addition to averages, it is oT desirable to note extreme values, 
that is, the prota of the scale of whi aaylabia.0rg the middle, Pn be 
Dr Guy’s pointed expression, “ averages are numerical expressions o 
re fhe pee values are expressions of possibilities.”+ In taking aa gi t 
note of mean quantities, we may forget how great a range there may be above 
and below them, and it is by reminding us constantly of this that Poisson's 
rule is so useful. { 


* To find the mean error :—1. Find the mean of the series of observations; find the means 
of all the observations atovs the mean, aud subtract the mean from it, this gives the mean, 
in excess. 2 Wind the mean of all the observations below the meau, and subtract it 

mean, this gives the mean error in deficiency. Add the two quantities, and take the 


To find the error of mean aquare : cach of the observations and add them together, 
subtract from this sum the equare of the mean, maltiplied ni fore ee Ce 
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error te obtained Swo.thinde {oneriy} of the mean error of error of 
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Eevor of mean equare, . » + 
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Twe lines, one horizontal (axis of the sbeciase), aud the other vertical (axi 
of the ordinates), form two sides of a square, and are then divided into sag. 
mente, drawn to scale—vertical and horizontal lines are then let fall on the 

marked ; the axis of the ordinates representing, for example, a certain 

and the axis of the abecissx ing the number of events occurring 
at any time A line drawn through the points of intersection of these two 

ities forms a graphic tion of their relation to each other, and 
sagt oo measured and expressed in ares if ys 
or the space can be p out in various ways, in columns, pyrami 
In the same way circles cutting radii at distances from the cantre drawn to 
scale are very useful ; the circles marking time (in the example chosen), and 
the radii events, or the reverse. Such graphic representations are most useful, 
and allow the mind to seize more easily than by rows of figures the connection 
between two conditions and events. 

Generally spésking, it may be said that the amounts of sickness and mor- 
tality in different bodies of men or in the same body of men at successive 
periods, show such wide variations, that the mean error is always very great, 
and it requires a very large number of cases, and an extended period, to de- 
duce a probable true mean. For this reason it is necessary to be cautious in 
apportioning blame or credit to persons, or to special modes of treatment, un- 
less the numbers are very large and accordant. The circumstances influencing 
the result are, in fact, very numerous, and the proper estimation of a numeri- 
cal result is onl ible when it is considered in reference to the circum- 
stances under which it occurs. : 

The most important statistical inquiries Feng to health are— 

1. Births to Population.—-To obtain all these elementary facts, an accurate 
census and proper registration are required. It is only within the last few 
years that the most civilized nations have commenced these inquiries. 

2. Relatwe Number of Live and Still-Born, of Premature and Fuil-Grown 
Children. 

8. Number of Ohildren Dying in the Firat Year, with Sub-Groupe of Sex 
and Monthe.—There ee ee inthe first year, viz, 
in the first week, and at the time of weaning, about the seventh month. 

4. Amount of Sickness to aid 
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health of the adnits may ‘be extremely good. The mean age of death in» 
England is about 40 years. oe 

7. Mean Duration of Life (vie moyenne).——-Thia is the ion of life at 
birth ;.at-any other age than it is the expectation of life at that age (as 
taken from a life-table) added to the age, It is no good test of sanitary con- 
dition or health. 

8. Probable Duration of Life (vie probable ; probable lifetime) is the age at 
which « given number of children born into the world at the same time will 
oa Bae f Life Mean Future After Lifetions This 

9. ion of Life, or Mean or ifetime.—This is the true 
test of the health of a people. It is the average length of time a person of 
any age may be to live ; and in order to construct it, we must know 
the number of the living, their ages, the number of deaths and the ages, and 
the other changes in the population caused by births, emi = 
&c. It does not, of course, follow that any person will live the 
time given in such a table; he may die before or after the period, but taking 
a large number of cases, the average is then found to apply. -pife-tables show 
at a glance the expectation of life at any age. ad 
' After the first year the chances of living increase up to the fourth year ; 
the fifth year is nearly as good, and then the chances of life lessen, but at first 
slowly, and then more rapidly ; from 5 to 40 years of age the expectation of 
ee ae ae from 24 to 34 or 32 years for each quinquennial 
peri 


England.* 





SECTION IL 
ARMY STATISTIOS.+ 


At the close of the Peninsular war in 1814, Sir James M‘Grigor com- 
monoed the collection of the statistics of disease and mortality in the English 
army, and during the course of the next Pits Rens a great amount of valu- 
Tnepector of Hoepial and one of the most piloaophical surgeons who have 
Inspector ital one moat p ical surgeons W ve 
ever served in the English army) commensed to put these returns into shape, 
and the late Major-General Sir Alexander KCB. (at that time a 
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reporte ‘were iesued of the following stations :-—United Kingdom, Madi. 
terranean, and British America, West Indies, Western Africa, St * 
Caps, Mauritius, Ceylon, and Tenasserim. | 

Phese returns incladed the years 1817-1886. In 1853 another report, con- 
taining the stations of the troops in the United Kingdom, Medi and 
British America, including the years 1836-1846, was prepared by the same 
gentlemen. 


Ly 


-In theee reports, in addition to the statistical analysis, short but most 
phic and comprehensive topographical and climatic accounts of the 
Tiferent stations were given. 

The effect of these several reports, and especially of the earlier issues, was 
to direct the attention of the Government, both to the fact of an enormous 
sickness and mortality, and to its causes, and then commenced the gradual 
series of improvements which at a later period were urged on by Lord 
Herbert with so much energy. 

The Russian war of 1854-1855 prevented any further publication untfl 
1859, when yearly reports were commenced hy Dr Balfour, and have been 
regularly issued since. In the report for 1860 Dr Balfour has given a 
summary of the earlier and later mortality of the different stations before and 
after 1837, which shows a remarkable difference in favour of the later periods 
as regards both sickness and mortality.* 


Sup-Ssction L 


With respect to soldiers in time of peace, the statistical evidence is required 
to show the amount of benefit the State receives from its soldiers, and the 
amount of loss it suffers yearly from disease. Tables should therefore show— 

1. The amount of loss of strength a definite number of men in each arm of 
the service suffers in a year— 

a) By deaths, or, in other words, the mortality to strength. 

b) By invaliding from disease,+ for if this is not regarded, different systems 
an ee of invaliding may entirely vitiate any conclusions drawn from the 
mortality. 

The , ups thus formed must be again subdivided, so as to show— 

a) The causes of death or invaliding. 

b) The ages of those who die or who are invalided. 

i Their length of service. It is of great importance to determine the 
influence of service in every year, and these groupe should be again divided 


by ages. 
2. The loss of effective service a definite number of men—say, 1000 in each 
arm-—suffers during a year. This is best expressed ‘as follows :-— 

(a) The total number of cases of disease in a year, ¢.¢., the number of ad- 
nvissions to hospital per annum. It must be understood that this doce not 
express the number of men admitted, as one man may, be admitted two, three, 
, ef even teh times with¢he eame disease; each admission counts as a fresh 
‘eae. It would be very important to have another table showing the number 

-of en admitted for different diseases, or, in other worda, the number of caves 
Xb) The number constantly sick on an average. This is often called the 


| * Bh the chapter on Ziti, 1 haye mentioned the chief stetietien! papers wikich refer to'that 
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sick , and is obtained moat. easily. in army hospitals Sriker ing the 
bend ax prprin dria in a year by the purveyor 7 $65, of eadine the 
‘remaining ” on the daily or states together, and dividing by 365 or 
52, as the case may be. | 

(c) The total number of days lost in a year to the service by iliness 

by the 1000 men, and of the number of days per head. The number of the 

ick population (that is, the number constantly sick out of, say 1000 men) 
multiplied by 365 and divided by 1000, or by the number furnishing the 
sick, whatever that may be, gives facts. 

(@) The mortality in relation to sickness. 

The group constituted by the sick muet then be subdivided by diseases, 
and lesser groups must be made by distributing the causes of sickness and 
deaths under ages and length of service. 

There are a few points which require attention. The amount of sickness 
and mortality is caloulated on the mean strength, that is, the number of men 
ef a regiment present at a certain station on the muster days divided by the 
number of muster days. But it must be understood that this includes the 
sick men in hospital as well as the healthy men, and therefore does not per- 
fectly express the amount of disease among the healthy men. Also sometimes 
the muster rolls of a regiment include men on detachment at some distance, 
whose sickness is not attributable to the headquarter station. The French, 
in their Army Statistical Returns, make two headings, one of “ mean 
strength ” (efectif moyen), and the other of “present ” (présents), the men in 
hospital not being included in the latter. Moreover, in the French Army, 
nearly one-sixth are always absent on leave ; and the deaths of those on leave 
are included among the army deaths, but the sickness is not #0. Con- 
sequently, sickness has to be calculated on the number not on leave; deaths, 
on the total strength. In the French army officers are included with the 
men; in the English, separate returns are made. 

It is often difficult to get the mean strength if there are many changes of 
troops, and instances of erroneous calculations from this cause are not 
uncommon.* 

In calculating also the effect of age and length of service upon disease and 
mortality, it is necessary to know not only the ages and length of service of 
the sick men, but of the healthy men also, and to calculate out the proportion 
of the sick to the healthy at that particular age or length of service, otherwise 
very erroneous conclusions might be drawn. For example, it might appear 





* I subjoin one which Dr Balfour has given. It will be seen that an unhealthy station 
(Masulipatam) in India is credited with a much greater degree of health than it really was 
entitled to, and the annexed extract from Dr Balfour's paper (Edin. Med. and Surg. Jour. No. 


172) shows clearly how the mistake arose :— 
“The M Board, in submitting to tihiepl the table from which these 
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for such a period, gives reason to sotade station couact bo escalated washes erdiess 
ciroumetanoen 08 wade) ? Now, the Board to have arrived at this conclusion froin 
raph ptr prs pel near Bin Ga of te Gee es 
regiments were quartered during Oniy. Rr 
obvious to any one conversant with the prinely of statistion, that in such 5 cage « propor 
sim of she sneent Soe Sey aoe taken Cormeepcnding with the period tor which the 
yogiment was quarteted Thus, if the period waeatine months, the sickness and mortality 
should be calculated on three-fourths of the 7 if eight smonths, on two-thirds, and 20 
| ary ercans ou the average 
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~ Sup-Sseron IL—Seaniencs or Wan. 


Jn tims of war the statistics must: be slightly altered in form, though. the 
name in principle. The object is to show as completely an possible to the 
Gren emmud vas noun era Wala te mom 
and to what extent it may be expected to suffer, and aleo what aze tha causes 
of such sickness 

The sickness here must not only be calonlated on the mean strength (which 
will include the men in hospital), but aleo on the healthy men, or those 
actually under arms and effective, If the sick are counted in the strength, 
the sickness of the army may be much understated. What a General wants 
to know with regard to sickness will be these points :— 

1, How many men am I losing daily from the rank and file gotaally 
serving with the colours 4 

2, How many are replaced by discharge from hospital § 

3, What is the balance, gain or loss? 

4, If my effective force loses daily, when this balance is struck, such @ 
= shah ‘il ba fis ous of hesagtl fn 4 ook, Se fers a ke 
W 

5. What are the causes, £4. what are the diseases which are causing this 
sickness, and how are they affected by apecial ciroumstances of age, particular 
service or arma, or other causes f 

The mortality in war should be calculated on the mean strength, that ia, om 
the total number of healthy and sick, and aleo on the sick’ alone, 80 as to 
represent both the loss of the army and the fatality of the sickness, 


BOOK II. 


: THE SERVICE OF THE SOLDIER.* 


Ir is now necessary to consider a little more particularly the nature of the 
service of the soldier, and the influence it has on him. A recruit entering 
the army from civil life comes under new conditions, which will require to 
be shortly enumerated. 


CHAPTER I 


THE RECRUIT. 


In the English army, young men are enlisted at eighteen years of age,t unless 
they are intended for drummers. They must be of a certain height, which 
is fixed by regulation from time to time, according to the particular arm, and 
to the demands of the service. There must also be a special girth of the 
chest, which is in proportion to the age and height. 

In time of war, the measurements are reduced according to the demand 
for men; and even in time of peace, the necessary height of the infantry 
recruit, usually 65 or 66 inches, has been sometimes only 5 feet 4 inchea.{ 
Before the enlistment is completed, the recruit is examined by a medical 
officer, and then by the ae aeriary, of the recruiting district, according to 
a scheme-laid down in the Medical Regulations.§ The scheme is a ba spec 
one, and aims at investigating, as far as can be done, the mental condition ; 
the senses; the general formation of the body, and especially of the chest ; 
the condition of the jointe ; the state of.the feet ; the absence of hernia, 
fangs and Ebicminal organs goocclly A’ certadn girth ef ebant anoeding 6 

and a inal organs generally. certain girth of ¢ ing to 
the height is required.{] 

After joining his regiment he is again examined, and may be rejected if any 


* Medical officers the army will find a great deal of necful sanitary information and 
details of duty bearing on in Sir Garnet Wolscley’s Boldicrs’ Pocket Book for Field 


In reality, they sometimes enlist under this age. . | 

+ By the jast. General Order, 15th 1877, it is valsed to 5 feet 5 inches (except for the 
mya eh Cr ee eet ean ek mah 
_For's 0 m é on, and mu 

on disabilities, ce a paper by Dr Crawiord in the Army Medical Report for 
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or secondary inspection. ee cotke 
Both the average weight and height, especially the latter, will vary with 
the demand for men. a 
' The ‘trades of the men furnishing the recruits must also vary greatly from 
year to year.” - : 

Tho total number of rejections, either at once or after re-examination by a 
second medical officer, on various grounds, of men brought by the recruiting 
serjeant to the medical officer, varies somewhat from year to year. | 

About two-fifths of the rejections arise from causes connected with ger 
bad health or feeble constitution, and one-fifth from causes affecting the march- 
ing powers of the men (Balfour). 

n the French army, the height was fixed in 1860 at 69 inches (1°76 metres) 
for the carabiniers, and 614 inches (1:56 metres) for the infantry of the line, 

In 1872 the minimum for the cuirassiers was reduced to 1™°70 (67 inches) 
without any fixed maximum. ” ° 

In 1868 the minimum for the line was reduced to 155 (61 inches), and 
still further in 1872 to 1™-54 (603 inches). ; 

The rejections in the French conscription include men rejected for 
insufficient height, as well as reasons of health. { , 

After the recruit has been enlisted and approved, he joins his depdt or his 
regiment ; receives his kit, which he subsequently in part keeps up at his own 
cost ; and is put on the soldier’srations. He enters at once on his drill, which 
occupies from 34 to 44 hours daily. Wherever gymnasia are established, he 
goes through a two-monthe’ course of gymnastic training for one hour every 
day. He then goes to rifle drill, which lasts about six weeks, and then joins 
the ranke. After the rifle drill, he has another month’s gymnastic training, 
and is then sup to be a finished soldier. 

Such being the system, it will be desirable to consider certain points. 

1. The Age of the Recruit.—Strong opinions have been expressed 
by Ballingall (English army), Levy (French army), Hammond (American 
army), and other army surgeons, that the age of 17 or 18 is too low—that the 
youngest recruit should be 20 or 21 years of age. 

This opinion is based both on actual experience of the effect produced on 
boys of 17 to 20 when exposed to the hardships of war, or even to heavy duty 
in time of peace, and on a physiological consideration of the extréme imma- 
turity of the body at 18 years of age. 

With regard to the first point, there is no doubt that to send young lads of 
18 to 20 into the field, is not only a lamentable waste of material, but is posi- 
tive cruelty. At that age such soldiers, as Napoleon said, merely strew the 
roadaide and fill the hospitals. The most effective armies have been those in 
which the youngest soldiers have been 22 years of age. 

With regard to the second, it is also certain that at 18 the muscles and 
bones are very immature, and, in fact, it is not till 25 years of age, or even 
later, that epiphyses of the bones have united, and that the muscles have 

Tbe epiphynen of thet as 

‘The epiphyses e transverse spinous processes of the vertebre 
hardly commence to ossify before 16 years of age, and it is not till after 20 


5 


© ‘The average weight and height of the recruits, snd the clases from which | 
are carefully giren by Dr Baifvar, and fir A. D. Hows, in the Army Medical Depestasot : 
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See ‘a Growth of the Recruit eid Young Soldier, 1002. 


AGE, BRIGHT, AND WKIGHT. eae: 


years that the two thin civoular plates form on the body of the vertebra, The: 
.. Whole prosess is not completed fill close on the 30th year. = Nbposcar Peo 

"of the-secrum, only commences at the 18th year, and is completed from the 

25th to the 30th year. The fourth and third bones of the sternum are only 

united between the 20th and 25th years, and the second is not united to the 

third bone before the 35th year. The epiphyses of the ribs commence to 

grow between the 16th and the 20th years, and are completed by the 25th 

year. The epiphyses of the scapula join between the ages of 22 and 25. The 

epiphysis of the clavicle begins to form between the 18th and 20th yeara) Tho 

internal ae of the humerus unites at 18, but the upper epiphysis does 
not join till the 20th year. The epiphyses of the radius and ulna, the femur, 

the tibia, and fibula, are all unjoined at 18 years, and are not completely 
joined till 25 years, The epiphyses of the pelvic bones (viz, crest of ilium, 
spine, and tuberosity of the ischium) begin to form at puberty, and are com- 
pleted by the 25th year.* 

* That the musclodfare equally immature is just as certain ; they grow in 

size and strength ix proportion to the bones. 

These facts show how wrong it is to expect any great and long-continued 
exercise of. force ‘from men so young as 18 and 20, and what will be the 
inevitable consequences of taxing them beyond their strength. | 

Are we, then, to conclude that the soldier should not be enlisted before 20 ? 

It appears to me that the case stands thus, If the State will recognise the 
immaturity of the recruit of 18 years of age, and will proportion his training 
and his work to his growth, and will abstain from considering him fit for the 
heavy duties of peace and for the emergencies of war till he is at least 30 
years of age, then it would seem that there is not only no loss, but a great 
gain, by enlisting men early. At that most critical period of life the recruits 
can be brought under judicious training, can have precisely the amvunt of 
exercise and the kind of diet best fitted for them, and thus in two years be 
more fully developed, and be made more efficient, than if they had been left 
in civil life. 

2. The Height and Weight of the Recruit.—The desire of almost all military 
officers is to get tallmen. The most favoured regimenta, especially the yp eat 
get the tallest men. It has been recommended both that shorter men should 
be generally taken, and that the infantry should have the tallest men. The 
last point is one for military mon to determine, and must be decided by con- 
siderations of the respective modes of action of cavalry and infantry. 

The first point is entirely physiological, and opens a difficult question. 

What is the height, at 18 years of age, which is attended with the greatest 
sonren . health, strength, and endurance, or is it possible to fix such a 
stan 

Tables of average height and weight have been compiled by Quetelet, and 
ay — and lately somewhat similar tables have been framed by Danson, 

vd, and Liharsik.+ 

‘With regard to all of these it may be said that the observations (however 
numerous) are yet too few for such a large question, and that the influence of 
Boyd tea papers 18 at 60-4 inches, and at 25 t 67 

ya gives : ight at 18 years i at 25 years s 
inches, and Lihartik at the same ages gives 64°17 and 68-9 inches, The 
English Army Returns (1860-67) give the heights of the recruite, but it . 


* See ‘Althen's Growth of the Recruit, p. 37, and Quain’s Anatomy, for still fuller detatts. 
+ i 3 meta ber: to be baged on law iulaced fram great nambers of munuiz- 
uwutitt@asa o— | 





532 tpt sane, 
must be understood that we catnot deduce the mean height of the population 


from thede figures, as the shorter men are not taken as recruit 

Aithough the numbers are not very accordant, we may perhaps aseume thet 
at 18 the average height will be something near 64 or 65 inches, and the 
average weight 124 b. 

But the difficulty of the case only commences here; taking the age at 18 
(for over 20 the case is simple), what is the range above and below the average 
which is consistent with ect health and growth? How far is it safe to 
apply an average to an individual? ‘Will not an excess of weight and height 
imply that an individual comes of a larger race, or has been better fed and 
nourished, and is so fara stronger man than he who only just reaches the 
average ?* 

The range, in fact, appears to be very great, as much as six inches above 
and below the mean (Danson) ; 7.¢. a boy at 18 may be 58 or 71 inches tall. 
But are these extrames consistent’ with perfect health, guch as we demand in 
a recruit? It seems very doubtful if they are. | . 

It may be well to put the same question in rather a different way. In the 
English army the minimum height has been always (except in times of great 
emergency) above the mean height of the population at thet age. Has the 
State, then, secured a larger-framed and more powerful set of men by only 
taking those who are above the mean height, or has it unnecessarily limited 
its choice 9 

The experience of other armies cannot answer this question. The French 
height of infantry, which was (before 1868) 614 English inches, or 24 below 
the mean. is now 60}, or 34 below the mean. The Austrian height for 
infantry is 61 inches; in the German army the least height (in English 
inches) of the recruits for the cuirassiers is 65°7 inches, and the greatest 68°9 
inches ; for the light cavalry (hussars and dragoons), the least height is 63°8, 
the greatest 67°7 inches. In the Jager battalions the height is 61-8 inches 
(English), and not more than 68°9 inches. In the infantry (not Jager) the 
least height is 61°8 inches. In the Northern American army the height of 
the infantry was, in 1863, fixed at 63 inches (Hammond), but men were 
really taken as low as 60 inches. { 

It is therefore clear that the great military nations go 2 inches or even . 
more below the mean height of the population at the recruiting age, and find 
no injury to the quality of their soldiers, and it would certainly appear 
unnecessary that the English should fix their standard (as has been sometimes 
sag 1 inch above the meat height for infantry, and 2 or 4 inches for 
cava But this does not settle the question, as it may still be argued that 
the taller men are most desirable when they can be procured, although shorter 
men may answer very well when others cannot be obtained. I really know 
of no good evidence which can settle this question. 


ad inant commen tame date tame iment daniel eterna ememnineiemmeemnaeinmnmaemieetnnmmmeeenteanamntemennmmineam amen aenemeniaememmaramenren enna net gn era, ET OE a 
* M. Bernard (Ree. de Mem. de Méd. Mil. Mai 1868, p. 371) gives the mean age of 400 men 
_ of the foot Chaseours of the Guard as 30 ; the mean circumference of the chest 34°6 
inches ; the mean eight 64°8 inches ; the mean weight 142°4 I avoir. There were only 9 
men between 18 and 21 years of eee cutee ee en 
the weight 188 Ib avoir. Oe ee em ere ccenly ele eee eee This ‘ 
“4 ‘Below this, none are taken, except for service without arms. Law of ‘ith i 
Bea one Pt sae wae of Vas emt os 
nam. the ms Was ‘. 
wes @ inches below the Tisitam heiet im the time’ of arius. As armies increased 
in ‘to the ‘population the minimum necessarily diminished ; in 1691 the minimem 
fer ye ae ee in time of peace inches) in th 
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‘Rhe bast rule to guide us is that. given by Dr Aitken, vis, to take into | 
consideration the three points of age, height, and weight, and if either in 
weight or height, or , there is any great divergence from the meen 
then ing wrong will poobabiy be found. But as long as weight and 
height are in accord, the taller and heavier the man the better, as a 

One point ia, however, quite clear. When the height is much below the 
mean, bodily development generally is bad. Hammond states that, in 
the American war, men of less than 5 feet have broken down by a few weeks’ 
campaigning, while men of 5 feet have stood the work well, Probably 62 
inches at 18 years of age, and 112 tb to 116 i weight, should be a minimum, 
cven in times of the greatest pressure. So also a very great height at 18 
years of age is objectionable, and anything over 67 inches at that age should 
be looked on with great suspicion. As a rule, also, adult men of middle size 
(67 to 69 inches) appear to hard work better than taller men.* 

With regard to weight alone, the rule is simple. Unless there be any great 
disproportion in height, the heavier the recruit is the better; this will be 
found a rule with very few exceptions. 

3. The Physical Training of the Recrutt.—A great improvement has been 
introduced by the late order that each recruit shall have three months’ 
gymnastic training. If properly done, this will have a most beneficial effect. 
The medical officer will have power to continue this if neceasary, and care 
should be taken to use this power (see chapter on Gymnastic Tramina for 
the points to be attended to by the medical officer). 

4, The Mental Training.—Since the introduction of rifle practice, the 
trade of the soldier has become much more interesting to him; he is now 
taught scientifically how to manage his arm, and learns to take interest in his 
shooting. It would be most desirable to give him some knowledge of the 
Military Art, and of the object of the mancsuvrea he goes through, A 
military literature fitted for the private soldier is still wanting. 1t is also very 
important to train him for the field, and to teach him to perform for himself 
all the offices which in time of war he will have to do—not merely trench 
work, but hutting, cooking, washing and mending his clothes, as in time of 
war (see War). It is too late, at the commencement of a campaign, to begi 
these necessary parts of a soldier’s education ; they should form part of hi 
training as a recruit ; and if he is excused guard and other duties during his 
first year, there would be ample time. 

Great attention is now being directed to the ogy sagen of soldiers keeping 
up their trades, or learning some trade if they have none. Such a system 
occupies men, makes them contented, keeps them from dissipation, and 
opens a career for them when they leave the army. Instead of interfering 
with their military training, it can be made to subserve it, and possibly might 
be found to be advantageous to the State, even in a pecuniary point of view. 
The recruié then would have to keep up or learn his trade. 

5. The Moral Training.—The recruit,on entering the army, is brought 
under moral influences of a strong kind. A discipline always rigorous, and 
sometimes severe, produces often a ready obedience and a submission of 
character, and, when not carried too far, greatly improves him. At the same 
time, independence is preserved by the knowledge which the soldier bas of 
his rights and privileges, and the result is a manly, conscientious, and fir 
character, But opcasionally, a too sensitive nature on the part of the recruit, 





© For some usefel information m these soe Moravhe, olt., Roth. and Lex. dp,clt, 
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or a discipline too harsh or capricious on the part of his officers, very 
different resulta, and the soldier becomes cunning, artful, and false, or morose 
and malicious, The two characters are often seen well marked in old soldiers, 
and nio contrast can be greater than between the two. A heavy responsibility 
resta, then, with ‘the officers of the army who have power thus to influence, 
for or evil, natures like their own. 

The influence of companionship is also brought to bear on the recruit, and 
is fraught with both good and evil. The latter probably predominates, though 
there are many excellent, high-minded, and religious men in the army. 
Indeed, in some regiments the proportion of steady religious men is perhaps 
beyond the number in the analogous class in civil life. But if the influences 
be for bad, the recruit soon learns some questionable habits and some vices. 

Thus he almost invariably learns to smoke, if he has not acquired this habit 
before. It is indeed remarkable what a habit smoking tobacco is in every 
army of Europe ; it seems to have become a necessity with the men, and 
arises probably from the amount of spare time the soldder has, and which he" 
does not know what to do with. A recruit, on joining, finds all his comrades 
smoking, and is driven into the habit. 

The discussion on the effects of tobacco does not seem to have led to any 
clear conclusions. The immoderate use brings many evils to digestion and 
circulation especially. But no great evils appear to result from the moderate 
use, though no good can be traced to it. In moderation it has not been proved 
to lessen appetite, to encourage drinking, or to destroy procreative power. 
But, on the other hand, it probably lessens bodily, and perhaps even mental 
activity. It is certainly remarkable how uniformly the best trainers prohibits 
its use, and men of the highest physical vigour are seldom, I believe, great, 
and often are not even moderate smokers. As it is of no use, and indeed 
injurious, by bringing men under the thraldom of a habit, it seems very 
desirable to discourage it. But in the army it seems useless to fight against 
this custom, nor is it indeed one which is sufficiently injurious to be seriously 
combated, except for one reason. In time of war, the soldier often cannot 
obtain tobacco, and he then suffers seriously from the deprivation. The 
soldier should have no habits which he may be compelled to lay aside, and 
which it would pain him to omit. 

A much more serious matter is the vice of drinking, which many recruits 
are almost forced into, in spite of themselves. The discipline of the army 
represses much open drunkenness, though there is enough of this, but it 
cannot prevent, it even aids, covert drinking up to the very edge of the law. 
Formerly, a most lamentable canteen custom made almost every man a 
drunkard, and a young boy just enlisted soon learned to take his morni 
dram, a habit which, in civil life, would mark only the matured dra 
Now, happily, spirits are not sold in the canteens, and no regulation thrusts 
raw spirits down a man’s throat. Drinking is, however, still the worst vive 
in the army, and that which strikes most of all at the efficiency of the soldier. 
Great efforts have been, however, made by the military authorities to check 
this saeesiraes T believe there is little doubt that the army is gradually becom- 
ing mete 

Another vice is almost as certainly contracted as smoking by the recruit. | 
Probably, before enlistment, he has led no very pute life, but when he enters 
the army, he is almoat sure to find his moral tone higher than that of some 
of his new associates. A regiment, in fact, is composed of y men with 
few scruples and amall restraints. Prevented from marriage, and if of long 

service, not able, indeed, to look forward to it ; often tempted by low prosti- 
tates, it iz no wonder if, to the extent of his meana, the soldier ind 
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promiscuous sexual intercourse, He does thia, in fact, to excess, and the 
young recruit is led at once into similar habite, That many reoruite are moet 
serioualy injured by this habit, even if they neither contract syphilis nor 
gonorrhow,.is certain. The remedies have already been discussed. 

Tt has also been supposed that solitary vice is particularly rife in armies. 
I am unaware of any evidence on this point. 

6. The Amount of Sickness and Mortality suffered by the Recruit during 
the First Bix Months and Year of Service.~This ia an extremely important 
matter, but at present we are not able to answer the question for the English 


army. 

in the French army,* the amount of sickness among soldiers under one 
year of service is more than one-third greater than among the army generally ; 
this is partly caused by slight injuries, though not solely, for the admissions 
to hospital are nearly one-fourth more among them than in the army at 
large. 


* Statistique Médicale de I'Armée pendant l’'Année 1962, Paris, 1864, p.11, Ibid. pondaut 
Jes Aunéea 1863, 4, 5, and 6. | 


CHAPTER IL. ° » 


“THE CONDITIONS UNDER WHICH THE SOLDIER 
IS PLACED. 


Time conditions are extremely various, as the soldier serves in ao many. 
stations, but the chief points common to all can be passed in review. 

The water and air supplies have been already sufficiently noticed (p. 2 and 
pp. 140 and 165), and the conditions now to be noticed under which the - 
soldier is placed are barracks, huta, tenta, and encampments; the food, 
clothing, and work. 


SECTION IL 
BARRACKS, 


Barracks have been in our army, and in many armies of Europe still are, a 
fertile source of illness and loss of service. At all times the greatest care is 
necessary to counteract the injurious effects of compressing a number of 
persons into a restricted space. In the case of soldiers, the compression has 
been extreme ; but the counteracting care has been wanting. It is not more 
than forty year since, in the West Indies, the men slept in hammocks 
touching other, only 23 inches of lateral space being allowed for each 
man. At the same time, in England, the men slept in beds with two tiers, 
like the berths ina ship; and not unfrequently, each bed held four men. 
When it is added, that neither in the West Indies, nor in the home service, 
was such a thing as an opening for ventilation ever thought of, the state of 
the air can be imagined. 

The means of removal of excreta were, even in our own days, of the rndest 
deacription, both at home and in many colonies ; and from this cause alone 
there is no doubt that the great military nations have suffered a loes of men 
which, if expressed in money, would have been sufficient to rebuild and 
purify every barrack they possess, * 





* It is a most remarkable clroumstance, that disennes which, in the French, Prussi 
and Belgian armies, and a prbenly in ike ee and, till gg bach in our pom 


caused the largest share were a destructive lung disease, te 
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| BARRACKS at OME, BF: 
Sue-Suorion T.—BaRmacks ow Hous Szavior.* 


Tha iaperfoction of the Hnglish ‘barracks wea owing to two causce—<firet, 
a great disregard or ignorance of the laws of health ; and, secondly, an indis- 
position on’ the part of Parliament to vote sume of money for a standing 
army, At the of the last, and at, the commencement of the present 


century, the: Whig party especially opposed every grant which Mr Pitt 
brought forward: for this purpose.t . After the great war, the exhaustion of 
the nation prevented anything being done, and in spite of the representations 
of many military men, comparatively little change occurred till the Crimean 
War. In 1855, a committee,t of which Lord Monck was chairman, was 
appointed by the War Office to consider this subject, and presented a most 
excellent: Report on Barracks, the suggestions of which have been since 
gradually carried out. Immediately after thia, a Barrack Improvement Com- 
mission§ was organised, and in 1861 this Commission published a Blue 
Book, which not only contained plans snd descriptions of the existing 
barracks and hospitals, but laid down rules for their construction, ventilation, 
and sewerage, for future guidance. It is difficult to speak too strongly of the 
excellence of this Report, and if its rules are attended to, there can be no 
doubt the British army will, as far as habitations are concerned, be lodged in 
healthier dwellings than almost any class of the community.|| I must refer 
to this oer a fuller account of the older barracks and hospitals than can 
be given q : 





(Dr Chevers), does not hesitate to assert that faulty barracks are, though not the only, yet o 

“ase cause of a mortality, which, in a term of years, has been at least fourfold more than at 
ome. Phthisis and typhoid fever held a subordinate place (though it is not unlikely that 

their frequency is underrated); but other diseases a , Which are in part conn 

faulty barrack arrangements, such as Seaport and cholera. 

In India, as in England, no expense has of late years been spared ; but yet the fact remains, 
that the habitations ¢ for their shelter and comfort have proved to the soldiers s 
source of suffering and death. 

“ Army medical officers are referred to an admirable paper ee en a oe 


. — oo Oonstruction and Ventilation of Barracks and (Army Med. Dep, 
Vv 
+ = looking th the Annual Register, I find that Fox, as well as his followers, spoke 
ly 0 


e le ). 
roagh 
nat the t of sums of money for improving barracks. Their motives were good 
a er baloany of standing army justified by what had gone before, but the reenlt has 
been most unfortunate for the soldier. 

‘ + Report of the Official Committee on Barrack Accommodation for the Army, Bine Book 


$56. 
Mr Sydney Herbert, Drs Sutherland and Burrell, and Captain Galton, were the firat 
Barrack and Hospital Improvement Commissioners. Lord Herbert did not sign the firat 
Report, es he became M of War. Dr Burrell retired. The remaining Commissioners 
ne es eee the Report on the Mediterranean 
t General F of the Commission ted for im the sanitary condition of Bar- 
oh 


~The Director-General is to be consulted on the plans and site 


+ 


of any new barnask, 
The gay i tel pe piogga at peng cx Barreda peer 
es veatlitsen, waretas | ng ites iste at a ake me | 
The regimental medical ‘ corms the same duties, He is also ordered to 
aco that every soldier has a bed; that the beds are not at « less os than. 
6 inches from the wall; that beds ; 
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Infantry Barracks. 8 

Block .Plan,—Formerly a number of men, even a whole regiment, were 
aggregated in one large house, and this was often built in the form 6f a square . 
(a plan originated by Vauban), the quarters for the officers forming one side, 
on account of the ease of surveillance. Many officers still preferthis form. 
But it is always objectionable to have an inclosed mass of air, and if it is 
adopted the angles should be left open, as mscommended by Robert Jackson. 
The Barrack Improvement Commissioners have very justly recommended that 
there shall be division of the men among numerous detached buildings ; and 
instead of the square, that the separate buildings shall be arranged in lines, 
esch building being eo placed as to impede as little as possible the movement 
of air on the other buildings, and the incidence of the sun’s raya, 

In arranging the lines, the axis of the buildings should be if possible 
north and south, so as to allow the sun’s rays to fall on both aides. One> 
building should in no case obstruct air and light from another, and each 
building must be at a sufficient distance from the adjoining house, and this 
distance should not be less than its own height, and if possible more. : 

Parts of a Barrack.—1. The barrack room, with non-commissioned officers’ 
rooms screened off. 2. Quarters of the married privates—seven to each 
company. 3. Quarters of the staff-sergeants and sergeants’ mess. 4, 
Quarters of the officers. 5. Kitchens. 6. Ablutionrooms. 7. Latrines and 
urinals, 8. Orderly-room; guard-room. 9. Cells. 10. Tailors’ shop and 
armoury ; commissariat stores; canteen. 11. Reading-room (in many 
barracks) ; schools; magazine. 

It is unnecessary to deacribe all these buildings, 

The old barracks are of all conceivable forms and kinds of construction, 
for details of which I refer to the Commissioners’ Report. 
rece new barracks are built, the plans of the Commission will be 
ollow 

(a) Barrack Rooms.—The size and shape of the barrack room will decide 
the kind of buildings. The Barrack Committee of 1855 recommended that 
each room should accommodate twelve men, or one squad, as this is most 
comfortable for the men; but small rooms of this size are more difficult to 
arrange, and it is now considered best to put twenty-four, or one section, in 
each room. 

The Barrack Improvement Commissioners’ recommendations may be con- 
densed as follows :— 

The rooms are directed to be narrow, with only two rows of beds, and 
with re windows—one window to every two beds. As each man is 
allowed 600 cubic feet of space, and as it is strongly recommended that no 
room shail be lower than 12 feet, the size of a room for 24 men will be— 
length 60 feet, breadth 20 feet, height 12 feet. This size of room will give 
14,400 cubic feet, or (600 x 24) enough for 24 men ; but as the men’s bodies 
and furniture take up space, an additional 3 feet has been allowed to 
length in some of the new barracks. Assuming the length to be 62 feet, 
superficial area for each man will be nearly 52 feet, a little more than 5 
in the length and 10 in the width of the room. At one end of the room i 
the door, and a room for the sergeant of the section, which is about 14 feet 
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Bartecks are ordered to be washed once a-wesk, and so move water is to te used than. 
neouseary, On intermediate days the Youms exe ary scrabbed, gs 
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long, 10 wide, and 12 high. At the other end is e narrow passage leading to 
an ablution room, one basin being provided for 4 men, and a urinal, ca 

Such is the present arrangement of a single 
barrack room, and it is difficult to conceive a 
better plan, unless it ee that an 
open verandah, never to be made into a corridor, 
should be ‘placed on the south or west side. It 
would be a lounging-place for the men. So also 
a cleaning-room for arms and accottrements would 
be a very useful addition. 

The room thus formed may constitute a single 
hut, but if space is a consideration, two such 
rooms are directed to be placed in a line, the . 
lavatories being at the free ends. A house of 
this kind will accommodate half a company. The 

“several houses are separated by an interval of not 
less than 25 feet. For the sake of economy, 
however, the houses will in future be frequently 
made two-storyed, so that one house will contain 
& company in four rooms, and ten will suffice for 
& regiment. 

The three following plans of recently erected 
barracks show the arrangements which are 
adopted. ls, When there is a single story, as 
at Colchester, and no staircase is required. 

2d, When there are two storys, and a staircase 
must be introduced, as in the new cavalry barracks 
at York. 

3d, When there are not only staircases, but the 
barracks must be extended in one long line, in- 
cluding many rooms, and when, therefore, the 
ablution rooms cannot be put at the ends of the 
rooma, but mast be placed on the landings, as at 
Chelsea. 

If 10 houses are thus formed, and arranged eo 
ag to insure for each the greatest amount of light 
and air, the following area will be occupied by 
these houses alone. Each house (with walls) 
would measure about 140 feet long and 22 broad, 
and the space between the houses may be taken 
at 64 feet, or twice the height of the house. The 
external houses would, of course, have clear spaces 
on both sides like the others. ‘The area of occu- 
pied and unoccupied space would be very nearly 
12 aquare yards to a man. 

But this amount of compression, which would 
be injurious in a city, will do no harm in 
these well-planned and ventilated barracks. 

Oo brea ag soldier lives and sleeps 1 otek 
in barrack room; it has long been a deside- aa 
ratum to introduce day-rooms,* but at present the Fig. 104.—Colchester Comp 
expense is too heavy. Still i is very important ee e 


* See Report of Comnities (1865), p. tr. The chjections to day-rooens avert, More labour | 
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that the men. should take their meals elsewhere than in their: barrack room, 
and in some barracks a room is provided close to the kitchen.. The addition 
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of ‘a fow verandahs to the roms would be less expensive ; 


ait = 
rooms ‘Were provided, some of the of day-rooms would be obtained 

(c) Non Connieioned 2 Focns—The Serjeant-major and Quarter- , 
master-serjeant are to two rooms and kitchen; the Paymaster. 
sergeant, Hoepital-sergeant, Schoolmaster-serjeant, and some others, are 
entitled to two rooms. The company serjeants heve one room each. The 
rooms are about 14 feet by 12, and 10 high, and contain about 1680 cubic 
feet when empty. The amount of space is small, and as many of these non- 
commissioned officers are married, and as it is a matter of justice no less than 
of policy to make them as comfortable as possible, it is to be hoped that two 
rooms may be allowed to every married man, and. three in the case of all the 
senior non-commissioned officers. The non-commissioned officers should be 
looked on in the light of the overlookers of a factory; they are even more 
essential to the good working of the army than the overlookers are in a mill; 
but no married overlookers would ever conceive the possibility of living in 
- two rooms, in one of which cooking must be done. 

(d) Married Soldiers’ Quartere.—Seven privates in a company of 100 mon 
are allowed to be married. Formerly they were placed in the men's barracks, 
a space being screened off, but now they are entitled to separate quarters, 
each family receiving one room 14 feet by 12, or 168 superficial and 1680 
cubic space. 

There is no doubt that this allowance of space will be increased in 
accordance with the general feeling of the time, which is strongly against the 
mixing up adults and children of all ages in the same room. The amount of 
space also is really much too small Certainly two such rooms ought to be 
given to each married private. 

Warming of Barrack Rooms.—-The rooms are warmed by Galton grates in 
two ways—radiant heat from an open fire, and warm air, which is obtained 
from an air-chamber behind, and heated by the fire. The external air is led 
by a pipe to this chamber, and then ese enters the room by a louvre. 
The grates are of various sizes, according to the size of the room. Smallest 
—] foot 3 inches of fire opening for rooms of 3600 cubic feet. Middle—l1 
foot 5 inches for rooms of 3600 and 9800 cubic feet. Largest—1 foot 9 
inches up to 12,000 cubic feet. Large rooms have two grates. One grate is 

‘usually provided for twelve men. 

The radiating power of the small barrack grate is aided by a well-arranged 
angle, and by a fire-clay back ; as the fire is small, however, the radiating 
power is not great. 

In the wards of Fort Pitt, with the largest size of grates, the mean rapidity 
of movement of warm air through the upper slite of the louvre, with a good 
fire, was found to be about 24 feet per second, and the total cubic amount of 
warm air entering per hour through the whole louvre was (approximately) 
4600 eubic feet per hour, with a mean temperature of 19° in excesa of the 
external air-temperature. No unusual dryness of the air is produced by the 
a of warm air, the relative humidity of the air being 
a e Hl 

The movement of air through the hot-air louvres is not regular; open doors 
and windows, which increase the pressure of the sir of the room on the louvre, 
will sometimes delay the movement, and, if the air-chainber is not very hot, 
will even reverse it and drive the air down, as the rapidity of movement ‘in 
those hot-air. chambers is rigtlbie! ary ‘but in cold weather, when the 
doote and windows are shut, the neti —a | fhe oe. 

Ventilation. of Barrack Hooms.—(See page 16° 7 ed 
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rast bat now in the new oe sheapiogr eldeheralirae 
inchatge dirty water-pipes are provided to every room, in the proportion 
of one basin Ata The basins are of slate or iron. In several cases 
basins on the floor have pit ete for fect-washing, and in some instances 
there are also baths for regiment. The Barrack Improvement Com- 
missioners recommend one bath to every 100 men. It is understood to be 
the desire of the Government to provide plunge-baths wherever practicable, 
and this would not only aid cleanliness, but might be made the means of 
teaching the men swimming, as suggested by Mr M‘Laren. 

If water is scarce, the most economical kind of bath is a shower-bath, so 
arranged as to permit 80 to 100 men to have a bath at once. 

Inspections for aeanliness are made in many regiments. They should be 
systematically carried'on under the direction of good non-commissioned officers ; 
but, if means are provided, soldiers will generally be cleanly. 

Kitchens.—Great improvements have been made in cooking by the employ- 
ment of better ovens and boilers, and especially by making use of steam, as ix? 
Warren's cooking stoves. The cost of fuel per head has been greatly reduced. 

The opinion of the medical officer will seldom be asked on the question of 
construction, at any rate on home service. He may, however, be referred to 
on the question of consumption of fuel, and then he can take as the standard 
for an ordinary good apparatus i hee of fuel per man per diem. 

More often, however, he will have to examine the cooking, to which 
reference is made under the different sections in the chapter on Foop. The 
chief points to which attention should be paid, are the temperature, 
the rapidity of its application, and the ventilation of roasting ovens. Faulty 
cooking will generally be found to be owing to one or other of these conditions, 

Formerly the regimental cooking establishment was badly arranged ; men 
cooked by turns, and for short periods only. Now, cooks are regularly trained 
at Aldershot. 

The other parts of a barrack are—officers’ quarters ; laundry (in some cases) ; 
workshops for tailor, shoemaker, and armourer ; orderly-room ; -YOOM ; 
cells; reading-room (in some cases) ; chapel and school, which are often in 
one ; magazine ; barrack-masters’ and quarter-masters’ stores for regimental 
purposes, bread, and meat. 

Guard-room.—The guard-room for a regiment of 1000 strong has a size of 
about 24 feet by 18; two rooms open into it—one a lock-up for prisoners, the 
other a room where prisoners are placed who are not put in the lock-up. In 
many barracks, however, the lock-up is placed near the cells, The guard- 
room is ventilated like the other rooms, with Sheringham valves, shafts, &o, 
M ‘Kinnell’s ventilator ia well adapted for it. It should be fitted with a dry- 
ing closet by the side of the fire, to dry the men’s clothes when they come in 
wet off sentry. | 

Celle, —The cells are ranged on one or both sides of a corridor. They are 10 
Jong, 64 feet wide, and 9 high (= 605 cubic fect), with one window, 2 feet 
6 inches wide by 1 foot 3 inches high, placed at the top of the wall, and 
guarded by iron bars. A movable iron shutter is sometimes added for 
Sroegh’ s gating opming from Min eocider dich is seamed The ai 

a gra opening from i ich is | he air 
enters ‘below, or in some cases above ; but the former arrangement is the best, 
A foul-sir shaft rans from the top of the room. Two cells are provided for 
every 100 men. A medical officer inspects the cells every day. = 

Latrines and Urinale.—Formerly, urine tubs were brought into barrack 
rooms every night ; and indeed this is still done in some barracks, . The tubs 
inside, sud emptied every morning, and filled with water during 


the day, In all new barracks urinals are introduced ; they ere placed at the 
end of the passage beyond the ablution room. It is found by the men thet 
this is inconvenient ; the passage is often wet and cold, If the urinal is full 
of water it splashes ; it might be well to put the overflow-pipe a little lower 
down, It has been recommended to put a emall pipe and stopcock a few 
inches above the urinal, so that the men may cleanse themselves, and in this 
way possibly lessen the chances of syphilitic infection. 

Cesspits are now discontinued in most barracks, and water latrines are 
used. The latrines are placed at some little distance from the rooms, and are 
usually connected with them by a covered way; in almost all barracks they 
are Jenning’s or Macfarlane’s patente. These are metal or earthenware 

hs, which are one-third full of water. Twice a-day a trap-door is lifted, 
the latrine is flushed, and the soil flows into a sewer or tank ata distance. 
A hydrant is now frequently placed close to the latrine ; an india-rubber pi 
can be connected with it, and the seats and floor of the latrine are thoroughly 
ewashed in this way twice daily. Probably it would be difficult to sagyest 
anything better than this, although soldiers can be taught to use water-closets 
like other people, and do not damage them. If water-closets are used, a plan 
suggested by Mr Williams, C.E, clerk of the works at Gravesend, seems a 
very good one. It is to have the water-closets at the top of a two-storeyed 
building, to the central part of which they form a small third storey. In this 
way the following advantages are secured :—vicinity to the men-—under the 
same roof, yet with perfect ventilation ; impossibility of effluvia passing 
down ; proximity to the cistern; and a good fall. At present, however, it 
seems better to keep to the water latrines outside the barracks, 


Cavalry Barracks. 


In many cases the men's rooms are placed over thc stables, and there has 
been much discussion as to whether this arrangement is a good one, On the 
one hand, the men get more room, as the horees cannot be crowded, and they 
are near their horses. On the other hand, there is strong evidence that the 
effluvia from the stables pass into the men’s rooms overhead ;* and although 
I have been able to find no statistical proof that this has produced sickness 
among the men, we a sam a priort conclude that it is objectionable. The 
evidence of mews in London is not in point, as they are often closa, ill- 
ventilated courts, independent of the stables in them, Besides, this evidence 
is as yet rather, contradictory. 

The question has, however, been solved by a “ Report on the Ventilation 
of Cavalry Stables” (1863), by the Barrack Improvement Commissioners, 
who have shown that the ventilation and lighting of stables can only be satis- 
factorily carried out in one-storeyed buildings, and who, therefore, recommend 
that the men’s rooms shall not be placed over stables. 

Stables.—The medical officer has no duties connected with stables, except 
to see that they ars in no way injurious to the health of the men ; but it may 
be well to give the suggestions lately made by the Barrack Improvement 


ners, 
In all the old stables, if it is not already done, ventilating shafts are to be 
eatried up, air-bricks introduced, and more window space to be given. 
T SGlesierres stables ane to be built $4 Saber, 46 te resocacanrted thes the 
ice. oridsnce of Mr Wilkinson, Priveigal Veterinary Surgeon to the 
roar of Bestock Coesaiton (i860), p- 18 question S004; soo the’ hepert oa the Venti: 
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the breadth should be.33 feet; ‘thie 


‘building should be one-etoryed ; that ; feet; 4 

height of the side walls tothe spring, 13 ; and of the roof, 84. fect mare.. The 
‘breadth of cath atall is to be 54 feet, and there are only two rowe of bores: | 
4n each stable. . Each horse is to have 100 superficial feet, and 1605. cubic 
feet ; the ventilation is by the roof, and is formed: by.s louvre 16 inches wide 


each horse. A course of air-bricks is carried round at the eaves, giving 1 


‘square foot ef inlet to each horse; an air-brick is introduced about 6 
from the ground in every two stalle. There is a swing window for every 
stall, and are left below the doors, In this way, and by attention to 
surface drainage and roof lighting, it is anticipated that stables will become 
perfectly healthy. Some experiments were made some years ago by Dr de 
‘Chaumont on the air of some artillery stables at Hilsea. In one etable, with 
$2 ventilators, and with 655 cubic feet per horse, the CO, was 1:053 volumes 
per 1000 ; in another, with 1000 cubic feet per horse, and with 420 air-bricks, 
25 windows, and a ridge opening, it was ‘573 volumes per 1000. The last 
experiment shows great purity of the air. | 


Reports on Barracka, 


Tho Regulations order the form in which reports on barracks shall be sent 
in. The arrangements should be strictly followed ; it comprehends site, con- 
struction, external ventilation, internal ventilation, basements, and adminiatra- 
tion. It is then certain that no point will be overlooked ; and, if nothing can 
be made out after going thoroughly through all the headings, it may be con- 
cluded that the cause of any eaplenea sickness must be sought elsewhere. 
The site and basement should be especially looked at; every cellar should be 
entered, and the drai thoroughly investigated. ‘Little can be learned by 
merely walking through a barrack room, which is nearly sure to look clean, 
and may present nothing obviously wrong. With respect to ventilation, the 
statements of soldiers can seldom be trusted ; they are accustomed to vitiated 
air, and do not perceive its odour. The proper time to examine the air of a 
room is about 12 to 3 a.m., and the medical officer should, accordingly, visit 
barrack rooms between midnight and 3 a.m. every now and then. The 
cisterns should be regularly inspected. 

The walls and floors of the rooms should be carefully looked to. Walls are 
porous, and often become ry tie sas with organic matter. If there is any 
suspicion of this, they should be scraped and then well washed with quicklime, 
The medical officer should see that the lime is really caustic ; chalk and water 
does little good. Collections of dirt form under the floors sometimes, and a 
‘poard might be taken up to see if this is the case. 


Sun-Ssoron I.—Barraoxs In Forts any Crravets. 


In fortified places it is, of course, often impossible to follow the examples 
of good barracks just given. Citadels may have Kittle ground space ; buildings 
ee ee b-proof 
‘walls, wi openings. ildings are sometimes underground. Dreinape 
ia often difficult, or impossible; and if to all these causes of contamination 
of aix'we-add « deficiency of water, which ap voreaggy stay dk hale bese bese 
priee us that the sickness and mortality in forte, in even healthy localities, 


for years been too are mortality trom’ typhoid forer, and from the desteac- 
_$ive lung digennes, which: in the retumma as phithisia. The epocial diti- 


7 BARRACKS IN HOT CLIMATES, es. 


venemates, co: thatthe moisture often stands in drops on the walle; a low 
tem 0; a want of ‘ventilation ; and « want of 

How these-difficultics are. to be met ia one of the moat difficult problems the 
military has before hini. How, without weakening his defence, he 
is to get ight and air into the buildings, and an efficient sewerage, would test 
the ingenuity of a Bronel. It is possible that the best would be by the 
employment of thick movable iron doors and shutters. In time of poare theee 
might be open ; in time of war easily replaced. But, in addition, means of 
ventilation must be provided when such defences close the usual ings ; 
tubes mast be carried up, and, if necessarily winding, an eulerged area might 
perhaps, compensate for this. 

It must be said, also, that it is quite certain thet in our fortified places 
many of the arrangements are much worse than they need: be, and that the 
sanitary roles deducible from home experience should be applied in every case 
when the defensive properties are not interfered with. 


Svus-Ssorton IT.—Barraoxs in Hor Crurmarss, 


The older barracks in both the East and West Indies were often merely 
copies of the English barrack square. In some cases, also, the exigencies of 
defence led to a cramped and sai ra plan, and owing to the little attention 
which was paid either to the health or comfort of the soldier, overcrowding 
and deficient ventilation were as common in the tropics as at home. For 
several years there has been a gradual improvement, and in India especially 
vast and extensive palaces have been reared in many stations, which testify at 
any rate to the anxiety of the Government to house their suldiers ay arp 

It will be desirable to refer here chiefly to the Indian paeracks ut the 
same principles apply to all hot countries. 

The Indian Sanitary Commission have lately recommended that each man 
in barracks shall have 100 oe ig feet, and 1500 cubic feet. The 
Government of India recommended in 1864 that there should be 90 au 
ficial feet in the plains, and 77 in the hille, which, with a width of 24 and 22 
feet, and height of 20 and 18 feet, would give 1800 cubic feet in the plains 
and 1408 in the hills. Mr Webb,¢ who has paid great attention to the sub- 


cause of insalubrity in India, has adduced good reasons for thinking that this 
amount is not nearly sufficient. It is suggested, indeed, that 3000 cubic foes 
of space is not too much. 

I shall not refer to the old barracks, but to the later and the present 


tterna. 
yin 1857 and 1858 the Bengal Government ordered standard plans to be 
and some barracks have been built in accordance with them. A 





roof . 
above.and below, to allow the air to circulate, have not been ; ventile. 
eile ely oe POT og 
, ae 
which eater my i blled ix a clowe vont by tae rays of te out, evmm in Sogaod The 
Cijentionto the palaces which have been built in Indie sinus ths alpen peewee 
tootr loeainicn iat a “th pla rfastead of in the hile tn many canes, naan cra es 
ache fu the Raith of Ierype Settien i Tat By BH, Webb. Bombay, 1066, 
: — 2M 
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into the matter, and Colonel Crommelin submitted altered designs for 

which were subsequently submitted to the Bengal, Madras, and 
Bombay Governmenta, and to the Army Sanitary Committee at home, The 
plan of these new barracks is essentially that proposed by the Indian Sanitary 
or nooner diag Lara panda sev panna guateny local 
officers, certain general principles are strictly down, standard plans 
suitable for different localities are furnished for different guidance. The 
number of men to be placed under one roof is fixed at 40 or 50 (half 
company barracks), except under tional circumstances ; the number of 
men in one room is to be 16 to 20, and not to exceed 24; the barracks are to 
_ be two-storeyed in the plains, and one or two storeyed in the hills, both floors 
being used for dormitories; single verandahs of 10 or 12 feet wide surround 
these rooms, There are to be only two rows of beds in the dormitories ; the 
beds are to be 9 inches from the wall, and only two beds are to be in the 
wall space between two contiguous doors (or windows); in the plains each 
bed is to have 7} feet of running wall space, in the hills 7. The general 
arrangements of the building are based on the suggestions of the Royal Indian 
Sanitary Commission, At each end of the dormitory are closets and night 
urinals ; and what appears to be the best plan places these at the extreme end 
of the verandah, leaving a space between them and the dormitory. 

The lower story in the plains was intended to be used as a day-room, but 
it appears that this has not been comfortable for the men, and both floors are 
now used as dormitories. 

The married people’s quarters are to be grouped in small one-storied 
blocks, each block holding the married people of a company or troop. Two 
rooms (16 feet x 14 feet and 14 feet x 10 feet) are provided for each 
family ; verandahs, 12 and 10 feet wide, are provided. 

In all these arrangements it will be perceived that the essential principles 
of the home barracks are preserved ; long, thin, narrow lines of buildings, 
with thorough cross ventilation, with the sleeping-rooms raised well off the 
ground, would certainly appear to be as good an arrangement as could be 
devised, A few more remarks on some of the points have to be made, 


1, Size of Houses.—If there are no strong military reasons to the contrary, 
it seems certain that it is even more important in India than in England to 
spread the men over the widest available area, and not to place more than 
fifty men in a single block, and twenty-five men in a single room; and, 
therefore, the proposed plan is most desirable. There has been an objection 
raised, that small detached houses in the hot plains of India, not having any 
large space in shadow, get everywhere heated by the sun’s raya, and become 
very hot. The objection is theoretical ; it is the immense blocks of masonry 
used in the construction of large buildings which are to be avoided as much 
an possible, since, when once heated, they take hours to cool. 

2. Arrangement of Houses.-—Broadside on to the prevalent wind, and dis- 
gga échelon, as now adopted in India, is obviously the proper plan. 

only exception will be when there are marsh or gully winds to be 
avoided, and then the houses should be placed end on to the deleterious 
wind; and no windows ahould open on that side. But it is seldom such a 
a DA og on @ slope, 3 : ) tha 
‘end on to the aide of the hill, and not nearer the slope than 90 to 30 fest, 
But should be avoided as much as possible he Bo ce 
~ Z of Houses.——-As in England, it is important to have enly. 49 
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rows of beds in each house, and to keep the houses under 90 feet in width, 
ao as to permit effective perflation. A single verandsh is as good as a double 
ey un Jessa of the sun from the walls of the house, and 
two (one inner and one outer) add to the breadth to be ventilated, 
The width of the verandahs must be 10 to 12 feet; and on the southern and 
western sides wooden jalousies may have to be placed so as to ocoupy 3 or 4 
feet at the upper part of the verandah. 

Verandahs should be ventilated by openings at the highest part, so as to 
have a free movement of air through them ; this is very important. If there 
are two storys, the roof of the upper verandah should be double. 

Materials of Buslding.—On this point there is little choice, for the risk of 
fire renders the use of wood undesirable for walls and roofs. And yet, apart 
from this risk, loosely joined wood, or frames of bamboo, have the great ad- 
vantage of allowing air to pass through the walle. Brick or stone has there. 
fore to be used. In India, sun-dried brick (Autcha), covered with cement, or 
faced with burnt brick, is often used ; and the remains of Babylon or Nineveh 
show how imperishable a material this is if properly protected, It is said to be 
a cooler material than burnt brick (pucka), but it absorba a great deal of 
moisture, 

Tron barracks were sent out from England during the mutiny, but were said 
to be hot, and were not liked ; but iron frames have been usefully employed, 
the intervals being filled up with unburnt bricks. There is, however, a very 
general feeling against unburnt brick, on account of the moisture it absorbs and 
retains, The concrete walls now coming into so much use in England would 
be particularly adapted for India ; they are cheap, and are dry. 

Construction of the Building.—The three points to be aimed at are—avoid. 
ing the malaria and dampness of the ground, should there be any risk of this; 
insuring coolness ; providing ventilation. 

(a) Employment of Open Arches for the Basement.—The extraordinary 
diminution in the risk of malaria by elevating the building only a few feet 
above the ground, and allowing a free current of air under the house, is illus- 
trated in various parte of the world : along the banks of the lower Danube, in 
the plains of Burmah and Siam, &c. But another great benefit is obtained : 
dryness and freedom from pent-up, stagnant, and often septic masses of air are 
insured, so that, even when the soil is not distinctly malarious, buildings 
should be raised. In a malarious country the height of the ground-floor above 
the ground should be 8 or 10 feet ; in non-malarious districta 3 or 4 feet are 
sufficient, but it should always be high enough to allow cleaning. 

If high enough, these open spaces afford excellent spaces for exercise during 
the heat of sun. 

(b) Walls.—-Very thick brick walls do not add to coolness (Chevers), but 
being thoroughly heated during the day, give out heat all mare The direct 
rays of the sun should not be allowed to fall on any part of the main wall. 
This will be found one of the most important rules for insuring coolness. 
Double main walls, with a wide space between, and free openings above and 
below, so ae to admit a constant movement of air between, is the coolest plan 
known. Considering the excellent ventilation which goes on in bamboo and 
wooden honses, it may be s question whether, in the warm parta of India, the 
walls might not be made as far as possible permeable ; at any rate, above the 
heads of the men, Whitening the outside teflects the heat, but 
hee, Lagoa bel almost as good reflection, and much lees dazzling, is 
obtained by using a slight amount of yellow or light blue colour in the cement 
orlime-wash, 2’ en oy 
. ‘(c) Ploore.—The materials at prevent yeed are Hagstones (in Bengal), slates 


(in some ‘barracks in the Punjabi, {in some Madras barracks), itles, 
tricks placed on end and’ covered with conctete, brick and lime 
beaten into a selid concrete and with lime, broken nodulated 


stone or kunkur (in places where the masses of kunkur are found, as in 
Bengal), asphalt, pitch, and sand, wood (Chevers). Of these various materiais, 
the asphalt gets soft and is cbjectio ; the coments and kunker wear into 
holes, produce dust, and have been supposed to cause ophthalmia (Chevers) ; 
wood is liable to attacks of white anta, &c. 

On the whole, it would seem that good wood (if there be a space below the 

barracks) with brick supports is the best, and this tiles. 
_ (d) Roofe.—Doubdle roofs are now usually employed, and are made slanting, 
ies not terraced. The terraced roofs, if made single (7.¢., with battens on the 
joiste covered with kunkur), conduct heat too freely ; but if made double, with 
® good current of air, there is an advantage in giving a promenade to the men, 
and also, at some seasons of the year, the roof may be most advantageously 
used as a aleeping-place. 

The sloping roofs are better adapted for ventilation. The coolest roof is 
made of thatch, covered with tiles ; it would be cooler still if the thatch were 
outside ; but thatch is dangerous on account of fire, and harbours vermin and 
insects. If there is a good space between the two roofs (2 feet), and if there 
are sufficient openings to permit a good current of air, perhaps two tile roofs 
would be as cool as any. 

(ec) Doors and Windows.—These are now always made very numerous, and 
opposite each other, so as to permit perfect perflation. The official ‘ Sugges- 
tions” order one window for every two beds. Five doors are recommended 
for each room of twenty-five men ; and Norman Chevers gives a good rule: A 
light placed in the centre at night should be seen on all sides, Upper as well 
as lower windows——a clerestory, in fact—are useful ; the lower windows 
should then open to the ground. In most of the stations in northern India 
the windows must be glazed. 

The committee appointed to carry out the suggestions of the Indian Sanitary 
Commission have recommended that each window should consist of two parts 
—the upper portion, about 2 feet in depth, being hinged on its lower edge to 
fall inwards, so as to direct the currents of air towards the ceiling of the room. 

‘entiation of Tropical and Subtropical Barracks, 

If barracks are not made teo broad, and are properly placed, the same prin- 
ciples of ventilation may be applied to them as to barracks at home. The 
perflation of the wind should be obtained as freely as possible. The numerous 

oore and windows, however, render it unnecessary to provide special inlets ; 
‘outlets should, as at home, be at the top of the room, either along the ridge, 
or if of shafte, they should be carried up some distance ; if they are made of 
masonry, and painted black, the sun’s rays will cause a good up-current, 
area. of the shafts is ordered (“ Suggestions,” p. 22) to be.1 square inch to 
rhe fel 20 cubic feet, with louvres above and inverted louvres: below. In 


gf oat , 

| In many ‘India, however, at. particular times of the the air is 
both hot pe prochain ; in euch stations artificial ventilation samen be cengloped, 
and the forcing in of ai 
‘tion, The wheel of 
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is thatthe air.can be taken through a tunnel, and cooled either by the 
cvoler earth or by evaporation (see Cooling of Air). 

An Arnott’s pump, made as as & man can easily work, will be found 
to be cheaper, and as good as the thermantidote, 

The common punkah is a ventilator, as it displaces masses of air; the 
waves pass far beyond the building, and are replaced by fresh air waves 
entering in. An improved punkah, worked ‘by horee or bulluck, and supplied 
with water for evaporation, was devised by the late Mr Moorsom of the 52d 
Regiment ; it is described and figured in the report of the Indian Sanitary 
Commission, and would seem likely to bea very useful modification of the 
common punkah. 

Ventilation in most parts of India must be combined with plans for cooling, 
and often for moistening the air. 

Cooling af Air.— When the air is dry, «¢., when the relative humidity is 
low, there is no difficulty in cooling?the air to almost any extent. If the air 
be moving, this is still easier. The evaporation of water is the great cooling 
agency. <A drop of water in evaporating, absorbs as much heat as would raise 
967 equal drops 1° Fahr., or in other words, the evaporation of a gallon of 
water absorbs as much heat from the air as would raise 44 gallons of water 
from zero to the boiling point. As the specific heat of an equal weight of air 
is } that of water, it follows that the evaporation of 1 gallon or 10 b of water 

ill cool (10 x 4 x 967) 38,680 bb of air, or 477,637 cubic feot of air 1° Fabr,, 
or, to put it in another way, the evaporation of 1 gallon of water will reduce 
26,216 cubic feet of air from 80° to 60° Fabr. If thoroughly utilised, 1 
gallon per head would be the allowance for 12 hours, but as the full work js 
never got out of any material, this quantity ought in practice to be doubled. 
In India the temperature of a hot dry wind is often reduced 15° to 20° by 
blowing through a wet kuskus tattie; but merely sprinkling water on tha 
floors will have a perceptible effect on the temperature. 

When the air is stagnant cooling islesseasy. In India it is often attempted, 
in a still atmosphere, to insure coolness by creating currente of air either by 
the simple punkah or by thermantidotes ; these act by increasing evaporation 
from the body, and they certainly do away with the oppressiveness of a still 
atmosphere. But evaporation of water must be also employed, as in Captain 
Moorsom’s punksh just referred to, or in some other way. 

In the case of a tidote, or Arnott pump, thin wet cloths suspended 
ina short discharge-tube, or ice suspended in it, or a bottle containing a 
freezing mixture, and with a wet surface, will answer equally well. . 

When water is abundant other contrivances ea fare employed. A stream 
of water issues from a small orifice with a high velocity, and impinging on a 
round iron plate about an inch or two from the orifice, is beautifully 
pulverised. Oy the beautiful sheet-water fountains used to wash air for 
ventilation might be empleyed. In the old Roman, and some Italian houses 
coolness was obtained by a fountain in the central court ; and where it can be 
done, the more common em of fountains in the houses in the hot 

of India may be 

Cooling is then easy when the air is dry, or is not moister than 70 per 
cont, of saturation ; but when the sir is very moist, and almost saturated, a¢ is 
often the case, for example, in Lower Scinde, and is at the same time still, 
evaporation is ver)’ slow, can be done? Of course the air must be set 
i eatin boy sacbannieal means, _ Bat how is it to be cooled? Two plang 

ee fot vee—taking the air through « deep tunnel, and the employ- 
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well ght of. But everything depends on the mode of meking the 
¢unnel, mas Pe Seee ee eee a aah 

The Chinese, in the north of China, suspend lumps of ice in their rooms 
during the summer ; but this seems a wasteful plan. Ice in tunnels would 
have a much greater effect. If the ice cannot be obtained, freezing mixtures 
might possibly be used, if the expense is not a bar. 

Ablution Roome.—In India, every private house, and almost every room in 
a house, belonging to a European, has its bath-room. And not only the 
luxury, but the benefit is so great, that bath-rooms should be considered 
essential to every barrack. For the usual purposes of ablution the plan now 
tased. on home service is the best; but it should be supplemented by shower- 
baths, In order that these shall be efficiently given, the old plan of carrying 
water by hand must be given up ; shower-baths for a regiment could never be 
provided in this way; water in large quantity must be laid on in pipes, and 
cisterns at the top of every barrack should feed the ablution rooms, and 
supply water for the urinals. At least from 12 to 18 gallons daily should be 
allowed per head for shower-baths alone, and, if possible, more than this, as 
general baths should be also provided. So essential must baths be considered 
for health, that a large supply of water should be considered a necessary con- 
dition in the choice of site. The disposal of the water after use is a question 
for the engineer ; but it must not be permitted to soak into the ground near 
the barracks; it’ might seem superfluous to notice this, if the custom of 
allowing the ablution water to run under the houses did not prevail at some 
stations. 

Urinals.—Urine tubs are still used in many of the barracks in India, but 
their use should be discontinued as soon as possible. Evaporation is rapid, 
and decomposition soon sets in. Several army surgeons have pointed out 
that the atmosphere is greatly contaminated in this way, and some have con- 
sidered that affections of the eyes are produced by the ammoniacal fumes. 
Earthenware or slate urinals should be used, with water running through 
them ; and if there are no drains to carry off the urine, a zinc pipe may be laid 
ae the building, and open into a tub below, which should be emptied 


y. 

The ‘War-office Committee, in their “ Suggestions” (p. 24), recommended 
Mr Jenning’s urinal, which consists of a basin, valve, and syphon-trap, 
supplied with water. It is cleaned and filled by raising the handle. As 
already notived in the Homé Barracks, the suggestion of a small water-tap 
above, to allow the means of ablution, seems an excellent one, 


Sus-Szcrion IV.—Woonen Hers, 


Of late years the use of wooden huta, both > pee and war, has greatly 
extended in several of the European armies. In peace, their first cost is 
stpall, and they are very healthy. In war, they afford the means of housing 
an mn, or secede and are better adapted for winter quarters than tents, 

The healthiness of wooden huts doubtless depends on the free ventilation ; 
when aingle-cased, the wind blows through them ; and even when double-cased, 
there is generally good roof and gable ventilation. 


WOODEN BUTIS—WAE HUTS.  $Bh. 


were for.12, 18, and 24 men. Sir Garnet Wolseley thinks the most useful 
size is 32 feet long, 16 wide, 6 feet to eaves, and 16 to ridge, to hold 98 
men; two huts are put end to end, with one chimney between them. If. 
protection has to be obtained against wind, make a & foot away. 

In arranging lines of huts, as much external ventilation and sunlight must 
be secured as possible for every hut. According to circumstances, the 

ents in lines, or en échelon, &o., must be adopted. 

Tn time of peace huts are sure to be put up well; to be properly under- 

pinned ; on a drained site, and well warmed. 


War Huds. 


In the putting up of huts in the time of war, when everything is done 
more roughly, the following points should be attended to :— 

Do not excavate ground, if possible ; and never pile earth against the sides. * 

« (a) Floor.—Whenever practicable, underpin the joista, so as to get a 
current of air under the floor. Arrange for the drainage underneath, so that 
water may not lie, but may be carried by a surface drain at once to an outside 
drain. If the floor is entirely of wood, have it screwed, and not nailed down,t 
so that the boards may be taken up, and the space below cleaned. If the 
sides are of planks, and the centre of earth, pave the centre with small stones, 
if they can be got, so that it may be swept. If this cannot be done, remove 
Peck of the surface earth every now and then, and put clean sand or gravel 

own. 

(b) Sides.—If the sides are double, leave out a plank at the bottom of the 
outside, and at the top of the inner lining. If the sides are single, make 
oblique openings for ventilation above the men’s heads, with wooden fla 
falling inwards, and capable of being pulled more or less up, and inclosing t 
opening. Place a plank obliquely along the bottom at the outside, to throw 
the drip from the roof outwards, so that the water may not sink under the 
houses. Whitewash both inside and outside of the planks. 

(c) Roof.—Arrange for ridge ventilation. If felt is used, let the strips run 
along the sides, and not over the ridge, and 
beginning at the bottom, so that each successive aN 
strip may imbricate over the one below it; use 
no nails, but place thin strips of board across 
the strips from the ridge downwards, to hold 
the felt down. Tarred calico is as good as felt. 

Warming.—In cold countries, if stoves are 
provided, place them at one end, and let the 
chimney run horizontally along above the tie- 
beams, to the other end, and open at the gable; 107 
in this way, the heat is economised: or put a eae aN 
casing of wood round the stove, except in front, and allow fresh air to pass 
between the stove and casing. If no stoves are provided, and a fire-place is 
jnade with stone, it should be put at one end, and a wooden trough running 
out at the gable be used as a chimney. If good broad slab of stone can be 
obtained for a hearth-stone, dig a trench under the boards and lead the air 
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toon cubside under the bearth-shins and provide an opening at the other side 


Trenches : of sents, 

Fig, 108 shows. plan much used by the Germans in 1870-71 fer ee 
tod the 7a the crossing of the rafters permits thorough roof ventilation, 
gating tee: ss gaocad Wheat practicable ie very tupotant 

Oauses of Unhealthiness of Wooden Huds. é 
L Dampnese from Ground, Earth agains Wail, gi —Drain well. Cut: 
away ground from outside ; have good trenches round, with a good fall, 


2. Substances collecting under Floore.—Look well to this as a common cause 
of unhealthinesa, 
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3. Earth round Huts saturated with Refuse, Urine, $c. eral lt now and 
then clear away the surface earth, and replace it with clean dry earth. 

4, Ventilation bad fyom too few openings. 

_ &. Oold.—Isgue extra clothes, if additional fuel cannot be obtained. See 
that the greatest effect is obtained from the fuel ; but do not, if it can possibly 
be helped, close the ventilators. 


Sus-Sgctiux V.—Tents arp Cames. 
« Deore, 


A good tent should be light, so that it may be easily transported, readily 
and firmly pitched, and easily taken down. It should completely protect from 
weather, be well ventilated, and durable. 


It is perfectly easy to devise a tent with some of these characteristics, but 
not to combine them all. 
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Home Service, 





mien, the men’s shoulders touch, ‘Formerly, there was no-attempt at -ventilér 
tion; but afterwands afew holes were made in the canvas near the pols, 
Ventilation, however, was moat imperfect. * Dr Fyffe pr need of the Ammy 
Medical School), who carefully examined this point, found the holes 0 
small, that the movement of air waa almost imperceptible. There is little 
ventilation through the canvas, and none at all when it is wet with dew. 
The new circular tent is somewhat improved as regards ventilation. 

The Hogntal Marquee.—-An improved hospital ssarquee was issued in 1866. 
Tt is in principle the same as the ald marquea, but with improved ventilation. 
This tent is two-poled, with double canvas, It is made of a lower, almost 
q part, and an upper part, sloping from the top of the straight 
portion to the ri 

A new pattern measured in 1872 was 28 feet long, 14 feet in width in the 
quadrangular part, 5 feet high to the top of the straight part, and 12 feet high 
from ground to top of ridge ; the ground was 353'4 feet, and the eubic 
‘space 2766-6 feet. This is rather smaller the old 

It is intended for sick, and can accommodate ten men well; eighteen ie the. 
regulation, and twenty-four men have been ze in it; but this crowds i-at- 
tremely. There are ventilators, and a large flap at the top can aleo be opened 
for ventilation, and the fly can be raised. lie weight (including the valise) is 
about 500 Ib. A waterproof sheet is now supplied, to put on the ground, and 
this weighs 145 Bh. ! 

It is a good tent when care is taken with ventilation; but there ahould be 
a way of raising one whole side, so as to expose every part of the tent ; and if 
the height of the upright part were 6 feet, it would be more convenient, 

Circular Tent.—A double circular tent, weighing about 100 Iba, haa been 
approved of for ge nar purposes, into which four sick or wounded men 
would be placed. This forms of the new field equipment, 

Shelter Tent.—-There is no official shelter tent for the English army on home 
service, but one was formerly issued for service at the Cape. Each man 
carried a canvas sheet, made up of a quadrangular (& feet 9 inches x 5 feet 3 
inches) and of a triangular piece (2 feet 8 inches height of triangle x 5 feet 3 
inches base). Buttons and button-holes were sewn along three sides, and a 
stick (4 feet long, and divided in the middle) and three tent pegs and ro 
also were provided. Two or four of these sheeta could be put together, 
triangles forming the end flaps. A very roomy and comfortable shelter tent, . 
4 foet in height, was formed, which would, with a little crowding, accom- 
modate six men, so that two sheets could go on the ground. The objection 
to this tent was its weight, viz, 6 Bb 14 ounces per man. a thinner 
material could be obtained, and if the size could be a little lessened in all 
directions, it would be a very good tent. I have attempted to arrange a cape 
and sheet in such a way aa to form a tent when suapended on 
rifle} A plan for making a shelter tent with blankets is given in the 
“Instructions for Encampmenta,” 1877, p. 19, paragraph 14. 

Officers’ Tents.——Marquees are one for each field-officer; each 
captein, and en ee eee The officers’ mat- 
quee weighs 176 : 

On Indian Service. 

‘The tents for Europeans ate marquees, with two poles and ridge, double 

fly. Length, 21 feet; breadth, 15; height to ixiner fly, 10 feet 3 inches ; 
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and outer fly, 11 feet.9 inches. ‘Twenty-five infantry are scoommodated with 

85 agar si man ; or twenty cavalry with saddles, with 100 cubic feet, 
The tents for natives have a single fly. Length, 22 feet; breadth, 12; 

rarer pole, 10 feet; to accommodate twenty cavalry, or twenty-five 

infantry. 

. French Tents.—In the French army, two chief kinds of soldiers’ tents are 


_ 1. The tente d’abri, or shelter-tent of hempen canvas, is intended for three 
or four men, Each man carries one-third or one-fourth of the tent, and a 
stick ; the weight of the two being 3 tb. The canvas he carries serves him 
for a covering while marching; or he can form it into a bag, into which he 
can creep. Each sheet is 5 feet 8 inches long, and 5 feet 3 inches broad ; 
the stick is 4 feet 4 inches long, and 14 inch in diameter. When the tent is 
pitched, the three men can creep inside, and have as much space and as good 
ventilation as the English soldier in the bell-tent. This sort of tent has the 
great advantage of giving protection during the march, and immediate cover 
when the march is over. The number of baggage animals for the army is 
also greatly lessened. 

Some of the French tenfes d'abri are intended for four or six men; the 
length is 64 feet, the height, 3}; it is carried by three or four men. The 
total weight of the tent is from 64 to 8} th.* 

2. Tente de Troupe, or Tente Taconnet.—This is a two-poled tent, with a 
connecting ridge-pole. It is 19 feet long, by 13 or 14 wide, and 10 high ; 
the ground area is 243°5 square feet. It is intended for sixteen men. There 
are two openings in the centre, which can be held out Ki poles, each 5 feet 
in length, or closed at pleasure. Between the poles, at the height of 6 feet, 
there is a perforated wooden plank, on which articles are placed, or from 
which they hang. The total weight is 143°5 bb avoir. This tent is con- 
sidered cumbersome and unstable, and is now being abandoned. 

8. Two conical tents are also used, like the English bell-tent ; one (tente 
conique) a cone, and the other having an upright wall 16 inches high, and 
then being conical above (tente conique 4 muraille). This last tent is 
ventilated at the top ; a galvanised iron ring, 12 inches in diameter, receives 
the canvas, which is sewed round it. An opening is thus left of 113 square 
mches, which can be closed by a wooden top which rests on the top of the 
pole, and is buckled to the ring. Each tent holds twenty men. The fente 
coniyue is the one now chiefly used. Small tents called ¢entes de marche are 
mow issued to officers, who formerly provided their own of various forma. 

Prussian Tent.—This is a conical tent, with a single pole, like the bell-tent 
of the English army; it is nearly 16 feet in diameter, the pole 12 feet high; 
it holds fifteen men, and weighs 91 Ib avoir. The floor space is 12 square 
‘feet and the cubic space 70 cubic feet per head. 

Prussian Hospital Tent.—The ground-floor of the tent is a rectangle 62 
feet long and 24 broad ; the tent is 16 feet high ; there are 6 or 8 poles ; the 
area is 1488 square feet, It is divided into three parts: a central, 52 feet 
long and 24 broad (.= 1248 aquare feet), for the sick, and two rooms, each 5 
feet long and 24 broad, for attendants, utensila, &. Some of the tente are 
made with hollow iron poles, and there is a good hood for ventilation, Each 
tent could contain 20 to 22 beda, but only 127 patients are placed in it It 


4 


stands on an atea of 80 feet by 40, Since 1862 the Prussians have. treated 


® Larger shelters may be made by comb the portions exrvied I evveral men, Morache 
+ From Heytsldara Gimp ot Krsenoe-dalo, 1808. i _ fe _ 
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many of the worst cdses under such tents during the summer. ‘The same 
practicé has been adopted in the Austrian army for the last 16 years.-. 

Russion Tent.—The infantry tent is quadrangular, 14 feat equare and 7 
feet high to the slope; there is a centre pole and four corner poles ; it is 
intended for fourteen men, but only twelve are usually placed in it. Round 
the tent is a bench 14 foot broad, and covered with straw mattresses and 
sheete (in the summer camps) for sleeping. A wooden rack round the centre 
pillar receives the rifles. © canvas can be partly or entirely lifted up. The 
officers’ tents have double canvas. 

Northern American Tents.—At the commencement of the civil war the 
Sibley tent was much used. It is conical, 18 fest in diameter, and 13 feet 
high, with an opening for ventilation, and gives 1102 cubic feet; often 
twenty or twenty-two men were held by one tent. Bell and wedge-shaped 
tents were also used; the latter was 6 feet 10 inches long, 8 feet 4 inches 
broad, and 6 feet 10 inches high, with a cubic space of 194 feet. It held six 
men. 

These tents, however, did not answer ; the ventilation was most go 
and in the summer of 1862 ponchos and shelter-tents were issued, which in 
the army of the Potomac superseded the old tenta.* The poncho is a piece 
of oil-cloth with a slit in the centre, through which the ead is put; two 
ponchos can form a shelter-tent. The army of the Potomac spent the winter 
in improvised huts of logs or mud, with the shelter-tent for the roof. 

The larger tents are, however, still used for stationary commands, and for 
hospital purposes. 

Other Plane.—A very great number of different kinds of tents are employed 
by different nations, and many plans have been proposed of late years.¢ Of 
these Edgington’s square military tent, and Turner’s and Rhodes’ tents, are 
the best. The first is a single poled pyramidal tent, with a second pole to 
sustain the entrance flap ; it is 13 feet square, and will hold sixteen men. 
There are ventilating holes through the canvas at the top, protected by canvas, 
It weighs 90 hb. 

Turner’s tents are conical and oblong ; the pole is hollow iron, and is sup- 
ported in a tripod, below which a stove can be placed, to which the pole serves 
asachimney. Instead of ropes, galvanised wire and iron pegs are used, and 
wire yopes running from the pole to the circumference are used to sustain 
hammocks, and so raise the men from the ground. A tent for eighteen men 
weighs 300 Ih. Turner's hospital tent is 60 feet long, 29 wide, and 18 high, 
and weighs 896 Ib.t A great advantage of these and similar tents is that a 
stove can be easily used, and there is pretty good ventilation through the 
hollow pole. The raising of men off the ground is also g great advantage. 

Major Rhodes’ tent is a curvilinear oc ‘which is made up by a frame 
of stout ash or bamboo ribs, which are stuck into the ground, pee ee 
a double-twisted rope near the and bent into the centre, where they 
meet in a wooden head fitted with iron sockets, to receive the ends of the ribs. 
The framework is not unlike an open umbrella, The rope through which the 
ae pene 5 ee et Oe and there are alao outside storm ropes, 
so that, both from the shape of the tent and its ties, no storm can blow it 
over, ee ee by a 
leathern cap, and the canvas covering which contains the tent (when packed) 
can be.divided into two parts, and buttoned inside the bottom of the tent, so 
as to prevent air from blowing in under the canvas oe 
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A emall tent (guard ble of holding four or five men, isalso used.. 
The-hospital tent ete ps grt of these tenta connected by « portion of 
tent made of ribs which run to a ridge pole. It is 30 feet long, 15 fect wide, 
aud 10 ieet high, but can be made of any length. The field tant weighs 
100 ; the hospital tent, 395 . Both these seem excellent tents; they give 
much more ground area, cubic space, and standing room, then any form of 
cone tent, and are more convenient, as there are no poles, 


General Conclusions. 


‘The history of all wars in the temperate zone proves that men cannot war 
without protection from weather.* Both theory and experience show that 
the best arrangement for a soldier is that he should carry a portion of 
a shelter-tent, which may at once serve him for a cloak on the march, and 
cover at night, if he is obliged to lie out without pitching his tent, and which, 
joined to two or three other similar pieces, may make a tent to hold three or 
four, For camps of position, where troops are kept for months, and where 
there is less trouble A er transport, larger tents can be used, and then either 

’@ tent like that of Major Rhodes’, or a two or four poled tent like 
the Prussian, appears to be the best. 

The French system, now adopted by the Americans, is in reality a very old 
one. The Macedonians used small tents which held two men,f and Rhodes 
figures a little shelter-tent of the same form as the French, and holding 
apparently five men, which was in use in the British army in 1750. 

At various times in late wars the English army have extemporised tents of 
this description, by suspending blankets over their firelocks, But it would 
be much better to have a good shelter-tent, which would make the men inde- 
pendent of their bell-tenta, on emergency, and thus greatly lessen the baggage 
of the army, as well as protect the men. 

‘An army could then encamp and house itself as fast as it could take up its 
ground, and so short is the time necessary for pitching the tent that even in 
heavy rain the fen would not get wet. The men lie much more comfortably 
—_ in the bell-tent,} and there is scarcely a possibility of ita being blown 

own, 


Caura.. P 

Several enone have been dssued by the Quartermaster-General’s Depart- 
ment,§ and the “ Queen’s Regulations ” (pocket edition, section 16), contain 
several orders which will be noticed hereafter. The Barrack Improvement 
Commissioners also, in their Report (1861, p. 168), lay down certain rules 
which must be attended to. 
: Encampments are divided into two kinds-—those of position, which are in- 
Seeded. to stand for some time, and incidental camps. The camps are arranged 
"Shee eatue Way in peace and war, as a means of training the men ; but, of 
‘gouge, in peace the war arrangements need not be adhered to, ) 
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Inthe Regulations and Instructions isewed in 1877 by the Quartermanter: - 
Gisneral’s Department, the following mules are lsid pAb Aon a 

1, That the means of passing freely. b the camp should be maintained. 
. Y. Ehet the tenta, bivouaoa, or huts be disposed with a view to the 
greatest amount of order, cleanness, ventilation, and salubrity. 

3. Theat the camp be as compactly arranged as possible, consistently with 
the above considerations, 

are ordered to be encamped in such a manner that they can be 

rapidly formed in a good position for action. This“does not involve the 
ity of encamping on the very position iteelf.* Al purely stra- 
tegical or tactical considerations are of the first importance before an enemy, 
yet sanitary advantages must always be allowed great weight, and will, in 
most cases, govern the choice of ground if military reasons permit. Cavalry 
and infantry camps are directed to be formed with such intervals between 
their troops or companies as circumstances may require, or the general com- 
manding may direct. Open column is usually the most extended order used,— 
but the camp may be so compressed as to give only & square yards per head.t 

In front of the camp is the battalion parade, the quarterguard being in 
front of all. Behind the men's tents are the kitchens, and behind these the 
tents of the officers; then come the wagons, horses, drivera, and bitmen ; next 
the ashpit and latrines, and on the boundary line the rearguard. In fixed 
camps the latrines and kitchens may be pitched elsewhere, if found advisable, 

The distances between different corps are, as a rule, to be 30 paces, 

Cavalry are encamped in. the same way, in columns of troops or squadrons; 
4 feet of space is allowed to each horse, which is picketed. 

Artillery encump with the -~ in front, the wagons in two lines behind, 
and the horses and men on the flanks, the men being outside, the officers’ 
tents being in rear. A battery of artillery, with 192 of all ranks, and 154 
horses, occupies a space of 1754 yards by 133 in open order, and 85 by 71} in 
close order. Other arrangements are given in the Regulations} 

On considering these arrangements, it is evident that the compression of 
the men is considerable, As in war it is not always easy to’ give space, the 
importance, even in a military point of view, of ughly ventilating the 
tenta is obvious. ne 

— a peace the tents have ane gai rouch a 
together. It is to presum no military officer who regards 
comfort or health of his men will ever do so without an im ve mili 
necessity, Yet it has been occasionally done, and tents have been placed 
almost as closely as they could be, even when ground was available, and no 
enemy was in front. Under these circumstances, an explanation of the 
reasons for not crowding the men together will undoubtedly satisfy the officer 
in command that he is sacrificing comfort, convenience, and efficiency, to a 
false notion of order and neatness. 

coer pe many ena. eee ae : 
ammall pillar of earth to support 3 @ ledge of: t 9 inches idt 

all round the outside to serve as « shelf ; a deal of comfort 
Was iven in-cold winds, bus it : be well to go to 
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Pointe fo be attended to in the Erection and Conservancy of Camps, 

Dig.a trench round each tent, 4 inches deep, and the width of the spade, 
and carry it into # good surface drain running in front of the tenta, with a 
proper fall, Place the tent on the ground and do not excavate, or to a slight 
extent; in a camp of position, the tente can sometimes be raised on a wall 

of stones, or even earth, if this can be plastered over. Whenever 
possible, let the floor of the tent be boarded, the boards being loose, and able 
to ‘be removed. If there are materials, make a framework elevated a few 
inches from the ground to carry the boards. If boards cannot be obtained, 
eanvas or waterproof sheets should be used ; whatever is used, take care that 
nothing collects below, and move both boards and canvas frequently to see 
to this, and scrape the earth if it is at all impregnated. If straw is used for 
bedding, get the men to use it carefully ; to place pegs of wood or stones, and 
make ropes of straw running from peg to peg, so that each man may keep his 
own place neat; or to make mats of straw of a triangular shape, and 3 or 4 
inches thick. Take care that the straw is kept dry, and never allow the men 
to use green foliage, or any damp substance. Have the sides of the tent 
thoroughly raised during the day, and even at night, to leeward. "Whenever 
racticable (twice a-week if it can be done), the tents should be struck, the 
bass taken up, the surface well cleaned, the worst part of the straw 
removed and burnt. 

In a camp of positien dry paths should be constructed between the different 
roads ; latrines should be dug in rear of the stables, and not too near the 
kitchen, and en échelon with the camp; for a standing camp each Iatrine 
should be a trench 20 to 50 feet long, according to the size of the camp, 10 
deep and 2 wide at the top, and 3 at the bottom. The earth thrown out 
should be arranged on three sides. It should be screened by branches of trees, 
and 9 inches of earth should be thrown in every day.* When 4 feet from 
the aurface, it should be filled in and another dug, the earth of the old one 
being raiged like a mound to mark the spot. Close to it an urinal should be 
constructed, of a sloping channel paved as well as can be, and leading into 
the latrines, or of a tub which can be emptied into it, and, as far as possible, 
men should be prevented from passing the urine round their tents, In camps 
for a few days a trench 12 paces long, 2 feet deep, 2 feet wide at top and 1 
foot at bottom, is sufficient. 

A corps of scavengers should be immediately organised to clean away all 
surface filth, and to attend to the latrines and urinala. All refuse must be 
completely removed ; it is often a good plan to burn it. Both in peace and 
‘war, encamping ground should be often changed, and an old camp should 
never be re-occupied. 

In addition to tents, the men may be taught, if possible, to house them- 
selves. Huts of wattle should be run up, or wooden sheds of some kind. In 
war, men soon learn to house themselves, Luscombe gives the following 
— yaa in the aga) — — 

=. or evergreen oak with wide-spreading branches was ch % 
lower branch was nearly cut through, ao as to allow the extreme points to drop 
to the ground. Other branches were then cut from adjoining trees and fixed 
in a circle in the ground, through the branch, on which their upper branches 
rested, malier branches were then interwoven to thicken the end the 
inside was lined with the broom-plant, which was thatched in. Th@aloor of 
the hut was pat due east, 80 that the sun might pase over it before it seached 


© The Regulations direct only 9 ot Sinches of earth. 


This hut was very cool during the day, but cold at night, and thus 
very prejadicial to heslth.” ad = 

Sir Garnet Wolseley states that many English officers and the Sardinians 
generally, in the Crimes, made comfortable huts in the following way :-—-A, 
space was dug out 24 feat deep, and the size of the hut; those made to 
contain 6 Sardinian soldiers were 14 feet 3 inches long, and 7 feet 1 inch wide 
in the clear, Gables were then built of mud or stone, or made of boards or 
wattle and daub; the gables were 2 feet wider than the excavation, so as to 
form a shelf all round ; a door was in one and a window in the other, The 
fireplace was made of brick or mud, or simply cut out of the face of the earth 
in one of the side walls, a flue being bored in a slanting direction, so as to 
come out clear of the roof, and being provided with a chimney 2 feet in height, 
The pitch of these roofs should be at an angle of 45°.* 


Hospital Encampment of 9 Marquees and 14 Tents. 
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Measurements are in paces to centre poles of marquees, 
Total depth, 116 paces. Total of front, 118 paces, 
Fig. 109. 


Underground huts are sometimes used in camps; they are, however, 
dangerous ; they are often damp, and are difficult of ventilation. In cold, 
dry countries, however, they are warm, and the Turks have constantly used 
them in campaigns in winter on the Danube. They have, crib aay peg 
suffered from typhus. If used, there should be two openings beaides the 
chimney, so as to allow « current of sir; and a spot should be chosen where 
it is least likely water will gravitate. llr page dio aoa Ponsa 
hipcy ay eriy ng fomig weapechinw oa raw imes the side of a hill 
in ont ‘and the open top covered with hoards and earth. This is as bad 
as an underground hut. : - 





» Drawings of various kinds of bpts and bivonece are given io the Regulations, op. ons : | 
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, Hospital Encampment. 


When marquece head pregedooncedy it ried paper Lar oie 
the best plan is sated The figure 
(109) shows the plan py pepe by Major Mofite vs paid great 
attention to ease peter Ss pax Panguen en ung, ek 
@ larger number 9, may be equally well placed in the same order. There 
is good exposure to air, and convenience in administration. 


SECTION II. 
THE FOOD OF THE SOLDIER—ARMY REGULATIONS. 


The Army Medical Regulations place the food both of the healthy and sick 
soldier under the control of the medical officer. He is directed to ascertain 
that the rations of the healthy men are good, and that the cooking is properly 
performed ; the amount of food for the sick is expressly fixed. On taking 
the field, the principal medical officer is ordered to advise on the subject of 
rations, as well as on all other points affecting the health of the troops. It 
will thus be seen that a great responsibility has been thrown on the Medical 
Department, and that its members will be called upon to give opinions on the 
quantity of all kinds of food supplied-to soldiers ; on the composition of diet ; 
on the quality and adulteration of the different articles ; and on their cooking 
and preparation. 

In the case of soldiers and sailors, definite quantities or rations of food 
must be given. It is, of course, impossible to fix a ration which shall suit all 
persons. Some will eat more, some less, but certainly every scale of rations 
should err on the side of excess rather than defect. 

The following are the rations of the chief European armies ;— 


English Soldier on Home Service. 


The English soldier receives from Government 1 Ib of bread, and 2 tb of 
meat, and buys additional bread, vegetables, milk, and groceries, The follow- 
ing table shows his usual food :— 


Nutritive Value in Ounces (avotr.) and Tenthe of Ounces. 





Lite #UUH On ‘asa BOLDERR, Gt: 
Calculating this by the tablea given at page 196 it would give— 


Grains, 
Nitrogen, . ‘ : ‘ ‘ : , : 266 
- Carbon in albuminate, .  . 3. ——- 89938 
| Carbon infat . . . . 449-28 . 4718 
Carbon. in starches, « * e $869°37 e 


, = of ni is considerably below that of the standard diet, 
while amount of carbon is nearly correct, only this is given chiefly in the 
form of carbo-hydrates, and not aa fat. The diet would be improved by the 
addition of more meat or of cheese, and by the addition of butter or of oil, 
So also, while fresh succulent vegetables are sufficient, the use of peas and 
beans, as in the French army, would be very desirable.* 

Using Dr Frankland’s table, and taking the bread ith crust and &§ths 
crumbs, and the “ other vegetables ” as cab the force obtainable in 
the body from the soldier's daily diet appears to be equal to I 8848-5 
tons one foot. The amount for the internal and external mechanical work of 
the body being taken at 700 tons lifted a foot, there remains 8148 tons for 
the equivalent amount of heat and all the other 

The accessory foods are rather deficient in the eoldier’s food, and 
especially should be used. Robert Jackson very justly insisted on 
importance of vinegar a8 a digestive agent and flavourer, as well, no doubt, as 
an anti-scorbutic. He remarks on the great use of vinegar made by the 
Romans, and possibly the comparative exemption which they had from 

was due to this. 

The diet of the soldier on foreign stations is stated under the several 
headings when it, differs materially from that of home service, and the 
alterations in the diet which should be made under circumstances of great 
exertions are given in the proper chapter. 

In the time of Edward VI. the English soldier’s rations during war were— 
meat 2 i, bread 1 I, wine 1 pint (Froude). 

No scale of diet is laid down for war, and probably it would be fixed at the 
time, and in view of the possible character of the campaign. The war acale 
should be very liberal, and every article ought to be issued by the Supply 
Department. It would be probably a good plan to have the supply under 
two headings, the “ usual ” and the “ extra ” articles, the latter being intended 
for special occasions, such as forced marches, rapid movements far from the 
base of supplies, &c. The usual ration ought not to contain leas than 375 to 
400 grains of nitrogen. The following is suggested as a liberal and varied 
war ration, which could be easily supplied under ordinary cases :— Bread, 
1} & ; fresh meat (without bone), 1  ; peas or beans, 3 ounces ; or 
green tes, $5 chee, 2 ounces; mga, 2 oxnoes; wat, {ounce i 
peppet, yy ounce ; ground coffee, 1 ounce ; tea, $ ounce ; red wine, 10 
or beer 20 ounces. No spirit ration to be given, except under order from the 





* That the food of the English sobtier is deficient, especially for the younger men, is known 
from evidence. The late Director-General (Gir Janes B, on the 
the deicaity of tnoreasing the ration of vee and, i Yon foe secendes 
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generals of divisions. The nutritive value of this diet is about 380 greins of 
nitrogen and 5000 of carbon.* 3 

The “extra” articles would be kept.in readiness by the Supply Department 
for occasional. issue, viz., salt meat, Australian meat, Chicago meat, dried meat 
(auch as Hassall’s or M‘Call’s, or the best market article of the kind), Liebig’s 

extract of meat, pea and “beef sausages, biscuita, flour, meat biscuits, rice, lime 
juice, preserved vegetables, brandy or rum, and vinegar. 

This plan supposes that the “usual” scale of diet would be issued to the 
troops, and the “ extra ” articles under certain conditions, and under order of 
the general of the division. 

’ Bread (which should be well-baked) should be issued as long as possible ;+ 
and if biscuit is issued for more than a week, flour or rice should be added to 
it. When’ salt meat is issued for several days in succession, vinegar should 
be given with it. If no vegetables can be obtained, lime juice should be 
early had recourse to. 

e usual alcoholic ration of the troops should be beer or wine, instead of 
spirits (see page 302). As all the continental armies issue wine rations in war, 

can be no difficulty on the score of transport; and even with beer, though 
twice as bulky as wine, it is believed that it could be in moat cases supplied. 

But the issue of red wine instead of spirits is strongly 

For rapid expeditions, when transport has to be reduced to the minimum, the 
use of concentrated and cooked foods is all important. The men can carry 
enough for seven or eight days, and are then independent of all base of supply. 

Pea and flour sausages, meat biscuite, and dried meat, are the best to use ; 
and the issue of cheese and bacon fat, if it can be obtained with these, gives 
a diet which is fairly nutritious and not disagreeable. The following would 
be the weight of food which would last a man for a week, and render him 
independent of the Commissariat during that time :—Biscuit, 2 Ib; pea or 
flour meat sausage, 4 tb ;..dried meat, 2 tb ; sugar, ? Ih; tea, } Ib; cheese, 1 
Ib ;—-total, 10 . That is to say, a weight of 10 tb, which would be lessening 
day by day, would, if properly used by the men, carry them through a 
weok’s labour, and although, of course, a meagre diet, would yet enable them 
to do their work. 

The extract of meat, as an extra ration, is intended for another purpose. 
bere : great restorative power, and should be kept for special cases, such as 

e following :— 

1. It is expected the army, after a rapid march, will meet the enemy, and 
that there will be no time for preparing food. A small quantity of Liebig’s 
extract, merely mixed with 3 or 4 ounces of red wine, will restore strength in 
&@ wonderful way ; no cooking is required, and ten minutes time will supply 
a whole regiment. 

_& The force meets heavy weather, and every man is drenched. The issue 
of Liebig’s extract, made into hot soup, and with wine added, will have a 
very great effect in preventing bad consequences. 

e rT  » lentuee be ft dla Chann Td 

the Untied Sorvion Institution, 1870, 7 Teme” Moture by F. de Chaument, Journal of 

Steam baking ovens have been used in the Autumn Mancnvres, [es eee 
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8. A forced march has to be made in a very short time, and no fires can 
be lighted for cooking. Liebig’s extract in amall tins should be distributed 
to the men, who should spread it on their bisouita. : 

4, After action it is invaluable for wounded men, and can be carried about 
the field and given to the men who cannot be brought into the hospital. 

. It. would be convenient to have the extract carried in cases holding 
quantities, so that one pot may be issued to ten or twenty men. 

The and use will require to be explained. 

In war the supply of food is often difficult, but as an army “ fights on its 
belly,” the importance of food at critical movements cannot be overrated, 
The uncertainty of the time of supply; and the difficulty of cooking, often 
cause the men to be without food for zo many hours as to greatly exhaust 
them ; and some actions have been lost, others have remained without good 
result, from this cause. This can only be avoided by regimental transport 
of condensed and ready-cooked food, which may be used on such emergencies, 
and given in addition to the usual rations issued by the Supply Departments. 
The colonel of a regiment would then always be sure that he had the means 
of keeping up the strength and vigour of his men. The Germans are now 
trying a plan of cooking, which is intended to obviate one difficulty on tho 
march,* A Viennese engineer (Herr Beuerle) has altered Papin’s digester in 
such a way as to make it a convenient cooking utensil, and it is now in use in 
the Austrian ambulances. It is a doubly conic iron pot covered with a lid, 
and capable of standing the pressure of five atmospheres ; the lid is fastened 
by screws, and a layer of felt or india-rubber is between it and the rim of the 
pot, so as to exclude air ; in the lid is a ventilating opening, weighted to 2°5ib 
(Austrian = 3-1 t English), so that it opens when the pressure exceeds one 
atmosphere. The meat, salt, vegetables, &c., are put into this digester, and 
it is filled up with water till about 3 fingers’ breadth from the top. The 
amount of water is 1 pint (English) to 1 tb of meat (English). This makes 
so strong a soup that it has to be diluted. The pot with the lid screwed 
down is put on the fire (three iron supports from which the pot hangs, like a 
gipsy’s kettle, are provided for the field), and as soon as steam is developed, 
which is known by opening the ventilator a little, the fire is moderated. In 
an hour and a half the soup is ready. Pots to cook from ee to twenty-five 
rations are made, and special arrangements are made for cooking potatoes, &c. 
The plan is, in fact, in ae similar to Warren’s compressed steam boilers, 
now used in the army, but is simpler. 

One advantage in active service of this plan is, that if the troops are sur- 
prised, and have.to move off their ground before the soup is ready, the pot is 
simply thrown into the waggon, and at the end of the march the soup is 
usually found to be ready. ft 


Rations oF THE Faenon Soupme.f 
In time of Peace. 
Under the new regulations of 1873, the Government furnishes the meat for 
the soldiers’ rations at about 35 per cent, under market price. This has 


Der Beuetle’sche Dam: ~-Denteche Militalrarstliche Zeitech. 1872, haft v. p. 215. 
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proved @ great. advesitage for the soldier. The State aleo furnishes bacad 
gato casey aertyred agen bread (pain de soupe), as ‘well as 
other articles, are bought from the finds of the ordinaire, or common fund 
of the company, , or aquadron. To this the soldier pays 43 centimes 

out of 48 that he receives, except in Paris, when his contribution is 
51, owt of a total of 58. The remaining 5 or 7 centimes he receives in cash. 


Infantry of the Line.* 





Grammes. Ounces avoir. 
Munition bread, » «  « 450 26°5 
White bread for soup, .  « 250 8:8 
— ee . : : ase te 
egetables, (green), . .- . 3° 

‘: ann we os 30 1-1 

Salt. . «2. ee 15 0°5 
{ 0-07 . 
Pepper, . «© ~. «© + 2 = 31 grains. 
Total . «© «© « © 51° 


If biscuit is issued, 550 grammes (or 19°4 ounces) are given in place of 
bread. If salt beef is used, 250 grammes (8°8 ounces) are issued, or 200 
(7 = of salt pork, THaricot beans form the chief part of the dried 
vegetables. 

Analysed by the table for rage diets, and deducting 20 per cent. from 
the meat for bone, the water-free food of the French infantry soldier is, in 
ounces and tenthe— 











Bread, Oe ae ae 
Varsablen (tele: abbege), . 

ea en as Ca lf Cs 
Vegetables Wied (as peas). 


Total, . 

In Algiers the ration of bread is aleo 750 grammes, or 26°5 ounces, and 8'8 
ounces for soup, or biscuit 643 grammes. The meat is the same ; 60 ea 
of rics and 15 of salt are issued, and on the march, sugar, coffee, and 4 litre of 


‘Wine. 
In time of War (Morache). 


© date : $e Rececten Sans Higgins Mana 2074 | 


ra 
¥ 


THS FOOD OF THR SOLDIER. oes. 


‘The suger and onfiee are sometimes replaced itres (9 | 
inmeiuiiGicamtn 


Gunuax Souprer.* 


The soldier receives his pay spt fap days—t.¢., three times a-month ; it 
amounts to three thalers (or 9 shi ne ee) be eet oe silber- 
groschen (= 3} pence nearly) a day. Out of this he has to defray the cost of 
a warm dinner (“ menage ”) at the rate of 1} silbergroschen (= 1} penny) 5 
and he bye receives a mess contribution, varying according to the market 
prices 0 + 

Bread.—In garrison, the daily ration of bread ia 1 Ib 12 loth$ = 24‘67 
English ounces, and is issued in loaves for four days, weighing 98°68 ree oer 
ounces, On the march, in some fortresses, and to prisoners sentenced to 
labour, the larger bread ration of 1 Ih 26 loth = $2°93 English ounces, daily is 
issued. On the march, the soldier, when quartered in private housea, gets 
his mess contribution deducted, but has the right to be supplied by his land- 
lord with 32°93 (English) oz, rye bread, 8°82 (English) oz. meat, vegetables, 
and salt, the latter in eufficient quantity for two meals (dinner and supper). 
Soldiers in cantonments or bivouacs are provided with food from the stores, 
and their mess contribution is, of course, deducted. 

The rations in time of peace are divided into the smaller and the larger 
victualling rations. 

Smaller Ration, ‘#"sor Ration for 


dfromthe 
in ounces avoir. peda 6s cubese avolr, 


Bread, . -  . 6 4 26:50 

Meat (raw), . ; Ok 6-00 882 
Rice, . - 24 Bes. 3°20 4°22 
Or unhusked Barley (Groats), . 4°21 5:28 
Or Peas or Beans, . : : 8°23 10°60 
Or Potatoes. || ; : ‘ 53°08 10°5 
Balt, . ; P : ; 0°87 0°87 
Coffe, .  . , ef 0°468 0°468 


Troops, when travelling on railway or on steamers, receive an additional 
pay of 2} silbergroschen (= 3 pence) per man for refreahments. Should the 
travelling last longer than 16 hours, the additional pay is doubled. 

In time of War.—The supply of rations for the Germans during the Franco- 
German war was thus conducted :— 

1. During the marches in Germany the men were billeted, and money was 
paid for their food. 

9. Supplies were drawn from the magazines. 

3. Supplies were obtained by requisition when the troops entered France, 
This last plan was a bad one, as was especially shown in the march to Sedan, 





* information I have to thank my friend Dr Roth, of the Prussian Army. 

$ taeonpee at rates which hers engngnd theives to servo longer arm ot 
oars receive edditional er month 
ace tee Dew curring — thaler = § marks ; I'mark = 100 pfannings ; 1 silbergroechen 

‘The Prosslan weights are now eselrailated to the French ; the Prussian pound is = § Kilo- 
grammpe-or £00 grammes ; the loth 16°66 grasimes oF “0879 on. srott. Dees. 
ol eee Ee ee ae rn ee ee 


where-the Germans’ over a.country previously nearly exhausted by. the 
French. The principal ‘defect was the great uncertainty and a of 


irregularity 

the jes ; some received too much, others too little, and the 
heels epi, which had not -men to send out to get supplies, were par. 
i ‘badly off The quality of the food was also often bad ; so that, as 
far as the health of the troops is concerned, the system of supplies by requisi- 
tion should be as little as possible. It must be noted, however, here, 
that the Germans did not pay ready money, which might, perhaps, have 
attracted better supplies than the system of written vouchers. The magazine 
supplies were excellent, but occasionally failed in certain articles, as freeh 
' meat, as a substitute for which the celebrated pea-sausage was issued. But it 
was found that if the pea-sausage was used too exclusively, the men disliked 
it, In fact, one of the greatest difficulties was the too great uniformity of 
the food. To do away with this, bacon, preserved and smoked meat, peas and 
white beans, and potatoes, when possible, were issued as a change of diet. 
Independent of these extza issues, the daily German ration was as follows, ix’ 
English weights :— 


Bread, . 26} ounces, or biscuit, 17 ounces. 
One (Fresh or salt meat, . é . 18 S 
of Salted beef or mutton, ‘ ‘ 9 ounces, or 
these { Bacon, . ; : ; i 52 ounces. 
Rice, ‘ , 44 ,, 
One ( Barley or groats, ‘ ‘ . 44 ~,, 
of < Peas or beans, . ; ; : 88, 
these ( Flour, sw ; : . 88 ,, 
Potatoes, . . ; ; : 3°3 
Salt, a 3 ‘ ; ‘ ‘7 ounce. 
Coffe, . . ‘ : ; ‘7 ounce of unroasted, or 


1 ounce of roasted. 
The want of knowledge of cooking was very great, and also the addition 
of articles to give flavour, as vinegar and spices, would have been much prized. 


Roth strongly recommends the establishment of a school for cooking, like that 
at Aldershot. 


a bread, owing to the long time it was on transport, was sometimes 
mouldy. 


Avstrian Soup. (Krause, quoted by Roth.) 
In time of Peace (in ownces avoir.)* 








Total. Water. 
‘ ‘ $1 00 12°40 
Meat (without bone), . 6°60 4°05 
P ; . ‘ 063 0°06 
(or vegetables), 2°48 0°87 
40°70 17°78 


Total solids {water-free food) = 32°872, To this are added, garlic, onions, 
vines, onl chon of salt, , oan | 


© Uhetotlsae 2 are-calculated from the table at 
306. Roth gives an avetege of nitrogenous substances 8:98, fat 2°06, and starch 16%. : ia 








2 » . cyl ‘ . id 

| THE-FOOD OF THE ROLE, | 3 os a 
: 4 ee nyt 
“oe N 


“The antount is pretty good, but there is too great preponderance of bread, . 
and there is too great samencas. The fat isin too ammall a quantity the 
nitrogenous substances are too small. : : | 

In time of War.—It is difficult to calculate the daily ration, as there is a 
weekly issue of many substances. On four days, fresh pork is issued ; the 
total amount being 26 oz, or 6} oz daily. On one day, 6 oz of salt pork; 
on one day, 6 oz. of heef ; and on one day, 6 ox of amoked bacon ; altogether 
in the week, 44 oz. of meat are issued ; and in addition, 1 oz of butter or fat. 

There are also issued per week :—24} oz of biscuit, 147 oz of flour for 
bread, 294 oz, of flour for cooking, 54 oz. of pickled cabbage (sour kraut), 9 
oz. of potatoes, 54 oz, of pease, and 5 ox of barley. 

Wine, brandy, and beer are also given. 


Russran Souprer. * 
_ There are 196 Meat days and 169 Fast days in the year. 





Meat, ‘ : ; ; : 
Bread (Rye), ® r) e e 
Sour kraut (and sliced cabbage), . 
Chervil (Cerefolium, an aromatic 
herb, fresh), e 2 ) e 
Peas, . ; ‘ o 
Oats (unhusked), 0°65 fi. oz. 
our, ‘ ; 0°7 fi. oz. 
Sse _ fl. oz. 
epper, ‘ gra. 
Bay leaves, 8 gre. 
Vegetable oil, 3 
Water, . 70 fi. oz. 
Butter, 0°6 ox. 
Lard, eae 
Salt, . : 1°86 oz. 
Buckwheat, 1°87 fi. oz. 





On the march, 13 b biscuit (24} English oz) instead of bread. Brand 
only on rare occasions, calculated at 135 fluid ounces per year (in 5 oz senna 


Sepoy Diet.—Dr Godwin has calculated the diet of a Hindu, such as a 
8 wervant, to consist of 4°387 oz of albuminates ; 1°278 oz of fat ; 
18504 oz, of carbo-hydrates ; and ‘64 ox of salte—total waterfree food, 
25-113 oz It is thus a really better diet than that of the European soldier. 
The principal articles were—24 oz. of attar (ground wheat), 4 oz. of dholl 
(pea), and 1 oz of ghee (butter). In other cases rice is more or less sub- 
stituted for wheat, The Hindu diet consists of wheat, or of some of the 
millete (cholum, raggee, cumboo—see Millets), rice, inoaw (Cajanus 
indicus), with green vegetables, oil, and spices. If an of diet of this 
sort has to be calculated, it can be readily done by means of the s of 
the usual foods previously given. For example, a Hindu prisoner at 
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in Bengal reecives, under Dr Monat’s dietary,* the following diet during his 
‘working days -— - 





| Total, 
; oz. 

F eh r e Ons s 20 

: @: conse ‘ 
veetipemetal] 

es (reckoned as 

cabbage), - f 6 
es s e e "B38 
Salt,. . . ‘33 
Spice, .  . . "83 


In some Bengal prisons, 2 ounces of fish or flesh appear to be also given. , 
' In the Looshai expedition the Sepoys received—rice, 1 tb ; flour, 1 Ib ; ghee, 
2 oz. ; salt, 1:5 oz.f The nutritive value, if the ghee is calculated as butter, 
is 18] grains of nitrogen and 6160 of carbon, which would appear to be a 
good diet in respect of carbon. Probably some peas were added. 


SECTION IIL 
CLOTHING OF SOLDIERS. 


The structure and examination of fabrics has been already given (page 423). 

Regulations.—-No specific instructions are laid down in the Medical Regula- 
tions respecting clothing, but the spirit of the general sanitary rules necessarily 
includes this subject also. When an army takes the field, the Director- 
General is directed to issue a code for the guidance of medical officers, in 
which clothing is specifically mentioned ; and the sanitary officer with the 
force is ordered to give advice in writing to the commander of the forces, on 
the subject of clothing among other things. 

Formerly a certain sum, intended to pay for the clothing of the men, was 
allotted by Government to the colonels of regimenta. This was a relic of the 
old system by which regiments were raised—viz., by permitting certain persons 
to enlist men, and assigning to them a sum of money for all expenses. The 
colonel employed a contractor to find the clothes, and. received from him the 
surplus of the money after all payments had been made. A discretionary 

rested with the service officers of the regiment, who could reject 

proper and insufficient clothing, and thus the interests of the soldier were 
in part protected.{ The system was evidently radically bad in principle, and, 
mince the Crimean war, the Government has gradually taken this department 
into its own hands, and a large establishment has been formed at Pimlico, 
where the clothing for the army is now prepared, This system has worked 


« ‘oust's alaborate rt On the Diet of Bengal Prisoners, 
p. 62 the hittedk reckgoed an the baunar chitteck—-vs, x 1283 or nearly 2 ounces 
avoir, Some prison coolie diets a 
Freee FY Sere Major LB. Leyon, .0.8., Chemical Examiner to the Goverament y, 
3877, : 
indian Med, Gasette, March 1, 1872. 
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CHOTHING OF THE SOLDIER. $42. 
: 


extromely well ; the materials have been both better and cheaper, and import. 
ant improvements have been and are atill being introduced into the make.of | 
the garments, which cannot fail to increase the comfort and efficiency of the 


At the Pimlico deptt the greatest care is taken to test all the materials and 
the making up of the articles ; the viewers are skilled persons, who are believed 
Oe eee " 

an’ @ warrant was issued* containing the regulations for the 
clothing of the army, and several circulars have been since promulgated. 

When a soldier enters the army he is supplied with his kit ; some articles 
are subsequently supplied by Government, others he makes good himself. 
In the infantry of the line a careful soldier can keep his kit in good order at 
a cost of about £1 per annum. The following are the articles of the kit 
supplied to the infantry recruit :— 


Articles of the Kit (Infantry). 

1 Forage cap, 2 Towels, 

1 Serge frock. 1 Knapsack. 

1 Stock. 2 Pairs boots 

2 Flannel shirta. + 1 Pair braces. 

3 Pairs socks. 1 Comb. 

1 Razor. 1 Clothes brush. 
Mitts. 2 Shoe brushes. 
Knife, fork, and spoon. 1 Shaving brush. 
Sponge. 1 Button stick, 
Blacking (one tin). 1 Holdall. 


To the Army Hospital Corps and Artillery, a waterproof bag, for part of 
the kit, is also issued to each man. Squad bags aro issued to infantry, four 
to each company, to hold the lus kit. 

The kit is divided (“ Queen’s Regulations,” section 10, par. 608) into the 
surplus and the service kit. The former, consisting of 1 shell-jacket, 1 pair 
of socks, 1 shirt, 1 towel, 2 brushes, and such articles for the hold-all as are 
not wanted, is carried for the men. The service kit is supposed to be carried ' 
by the man, either on his person or in his knapsack (see EQUIPMENT). 

Certain articles are also issued free of expense at stated intervala, For the 
particulars of these, reference must be made to the Royal Warrant of 1865, 
where they are stated in detail. The following are the articles iseued to 
the line infantry soldier at home -— 


One chaco and cover, . . ‘ ; .  Triennially. 
One tunic, . ‘ ‘ ; ‘ ; ‘ Annually. 
One pair cloth trousers, , ee ; Annually. 
One pair serge trousers in line regiments, or one Biennial 
PL eagal de aon kee a : 
o pairs ta, one on let il, © one 
on 1st October, -. wom es fe Acanally. 
One silk aash for sergeants, . 7 ‘ ; Every two years. — 
One worsted ensh for serjeanta, =. . «. Every two yours. 








* Revined Ww: 1865; another Warrant was issued in 197%, referring 
ars , Stel agaia in IST, goferenes to laweas in wart Pe fc sa Re 
. F By s deealer;Movember 1065, axe ordered to be supplied to the recruit. 
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In India and the Weat Indies, and other tropical stations, light clothing of 
different kinde is need—drill trousers and calico jackets, or ag inte complete 
suits of the khakee, a native grey or dust-coloured cloth, or tunics of red. serge, 
and very light cloth, The khakeo is said not to wash well, and white drill is 
eu ing it. The English drees is worn on certain occasions, or in certain 
stations, Formerly the home equipment was worn even in the south of India ; 
but now the dress is much better arranged, and also differences of costume for 
different places and different times of the year are being introduced. 

During Campaigns extra clothing is issued aceording to circumstances, In 
the Crimea the extra clothing was as follows for each man :-— 


2 Jersey frocks, 1 Cholera belt. 

2 Woollen drawers. 1 Fur cap. 

2 Pairs woollen socks. 1 Tweed lined coat. 
2 Pairs woollen mitts. 1 Comforter. 


To each regiment also a number of sheepskin coats was allowed for sentries. 
The warrant of 1865 orders the following articles of clothing to be issued 

every 100 men proceeding on active service in cold, temperate, or hot 
imates :— 


1. In cold climatee— 


Per 100 effectives. Per 100 effectives. 
Sheepskin coats, : . 8 Stocking, woollen, . pairs, 200 
Fur caps, . * : . 100 Drawers, flannel, . « 5 200 
Woollen comforters, , ‘ . 100 Cholera belts, flannel;  . . 200 
Shirta, grey flannel, . ; . 200 Mittens, lined with lambskin 
Jerseys, blue, . . 100 ~—s or fur, ‘ . . paira, 100 


Boota, knee, brown leather, pairs, 100 | 
2. In temperate climates— 


Shirts, flannel, of a light texture, 200 ‘Waterproof capes, . ; . 10 
Cholera belts, when not included Watch coata, . E : . 8 
in the voyage kit,. . . 200 
3. In tropical climatese— 
Shirts flannel, of lightest texture, .  . 200 
Chaco covers, of whi 


te cotton, except in climates where the wicker 

helmet and “Puggaree” (turban) areto be wom, . . .f 100 
a covers, of white cotton. ae. ee » »  « 100 
¥rock coate, of red, green, or blue serge, when not supplied as 100 


ondinary clothing of these clim oe ae |e 
Cholera belta, of flannel, when ae A oftheseakit, . . . 200 
Capes, waterproof, a | | 


SECTION IV. 
ARTICLES OF CLOTHING. 


THE CLOTHING OF TRE SOLDIER. BYE. 


officers prefer the latter, but their cost, weight, difficulty of ing, and 
shrinking in washing, have been objections to te eocal soe Cea 
A. Herbert solved the difficulty by issuing a shirt which is partly wool, partly 
cotton ; it is lighter and cheaper than wool, as durable as cotton, and does not 
shrink in washing. It is of soft even texture, and weighs 19 ounces. Under 
the microscope, I counted from 45 to 47 per cent. of wool. 

In time of war, shirta may be partially cleaned in’ this way : The soldier 
should wear one and carry one ; every night he should change ; hang up the 
one he takes off to dry, and in the morning beat it out and e it thoroughly, 
In this way much dirt is got rid of. He should then carry this shirt in his 
pack during the day, and substitute it for the other at night. If in addition 
great care is taken to have washing parades as often as possible, the difficulty 
of cleaning would be avoided. 

For hot countries, the common English flannels are much too thick and 
irritating ; flannel must be exceedingly fine, or what is perhaps better, merino 
hosiery, which contains from 20 to 50 per cent. of cotton, could be used. 
The best writers’on the hygiene of the tropics (Chevers, Jeffreys, Moore) 
have all recommended flannel. 

The soldier wears no drawers, but in reality it is just as important to cover 
the legs, thighs, and hips with flannel as the upper part of the body. 
Drawers folding well over the abdomen form, with the long shirt, a doub 
fold of flannel over that important part, and the necessity of cholera belts or 
kummerbunds is avoided. Cholera belts are made of flannel, and fold twice 
over the abdomen. 

The soldiers’ socks are of cotton ; it would be desirable to have them either 
all of wool, or half cotton half wool ; they should be well shrunken before 
being fitted on. It has been propesed to divide the toes, but this seems an 
unnecessary refinement. It has bean also proposed to do away with i 
altogether, but with the system of wearing shoes, it is difficult to keep the 
feet perfectly clean. The boots get impregnated with iration. Some of 
the German. troops, instead of stockings, fold pieces of calico across the foot 
when marching ; when carefully done, this is comfortable, but not, I believe, 
really better than a good sock kept clean. 

2. Outer Garments.—The clothes worn by the different arms of the service, 
and by different regiments in the same branch, ere so numerous and diverse, 
that it is impossible to describe, them. In many cases taste, or parade, or 
fantasy simply, has dictated the shape or the material. And diversities of 
this kind are especially noticeable in times of When war comes with 
its rude touch, everything which is not useful disappears. What can be 
easiest borne, what gives the most comfort and the greatest protection, is soon 
found out. The arte of the tailor and the orders of the martinet are alike 
di ed, and men instinctively return to what is at the same time most 
simple and most useful. It will be admitted that the soldier intended for 
war should be always dressed as if he were to be called upon the next moment 
to take the field. Everything should be as simple and effective as possible ; 
utility, comfort, durability, and facility of repair, are the principles whi 
should xegulate ali elec. The dress ‘not be encumbered by a single 
ee ee which has not its use. 
Elegant it may be, and should be, for the useful does not exclude, indeed 
often implies, the beautiful, but to the eye of the soldier it can be beautifal 
only when it is effective.* . 





coeds fms dams lagu le militaize est prét & marcher 4 I'ennemi, eat tonjours bells. 


572 | GOKDITIONS OF SERVICE, 


Head-Drese,--The ‘head-dress is used for protection against cold, wet, hens, 
end light. It must be comfortable; as light as is consistent with durability ; 
not press-on the head, and not to be too close to the hair; it should p 
some movement of air over the head, and therefore openings, not admitemg 
rain, must be niade; it should present as little surface as possible to the 
wind, so that in rapid movements it may meet the least amount of resistance, 
In some cases it, must be rendered strong for defence; but the conditions of 
modern ‘war are rendering this less necessary. 

As it is of great importance to reduce all the dress of the soldier to the 
smallest weight and bulk, it seems desirable to give only one head 
instead of two, as at present. Remembering the conditions of his life, his 

and his night work, the soldier’s head-dress should be adapted for 
sleeping in as well as for common day-work. Another poimt was brought 
into notice by the Crimean war; in all articles of clothing, it much facilitates 
production, lessens expense, and aids distribution, if the different articles of 
clothing for an army are as much alike as possible ; even for the infantry, it 
i found difficult to keep up the proper distribution of the different insignia 
of regiments. 

Head-Dress of the Infantry.—The present head-dresses are the bearskin caps 
for the Guards, a smaller and rather lower kind for Fusiliers, busbies for the 
Foot Artillery, Engineers, and Rifles, the Highland bonnets and shakos* for the 
Line, and forage caps made of cloth for all. The bearskin weighs 37 ounces ; 
the Engineers’ busby, 134 ounces; the Infantry shako, 93 ouncea. It is for 
the professional soldier to decide if the rapid movements and the necessity of 
cover in modern war are compatible with the retention of the bearskin or tall 
busby, If not, I believe no one would wish to retain them on sanitary 
grounds; they are heavy, hot, give little shelter from rain, and oppose a large 
surface to the wind. 

The present shako (now about to be discontinued) is the best that has been 
issued ; it is made of two pieces of waterproof cloth, sewn together by the 
sewing-machine; its shape is slightly conical; its height is 4 inches in 
front, 64 behind; weight, 9$ ounces, including the ball and brass plate, 
which weigh 1} ounce. The oilskin cover weighs in addition 1} ounce. 
The peak is horizontal, and measures 2} inches. There is no rim behind to 
oe off the rain, but the lower edge of the cap comes well down over the 

oad, 

The Glengarry Scotch cap, with a peak and a waterproof falling fiap behind, 
and with ear-flaps, to be put down in case of rain, or in sleeping out at night, 
hes these great advantages, It is very soft and comfortable, presses nowhere 


forehead and ears in cold ; with a large flap behind, and ear-flapa, its males 
what the soldier wanta, a comfortable night-cap, sheltering the back and sides 
of the neck as well as the head. It is also both an elegant end a national 
head-dreas, Divested of the showy but objectionable feather, which has been 
foisted in the Highland reginients on the original bonnet, it would ‘be the 
best headdress in any army for temperate and san cet ng . It 
hes now been introduced for forage capa by Colonel ; and there 
can be no doubt that, if a good waterproof cover with flaps is added for 
active service, it will be the only head-drees used in war. Unfortunately, 


-, * The shako town being replaced by « belmet with s spike, on the Gennan pattera, 


either to save cloth or from some ides of smartness, it is now being made ao 
ee er ence ee ore eee eee aan Oe mee Gow over the 
‘The peak of the shako in the English army was worn quite horizontally 
about forty hare ago’; it was then mada almost.vertical, and is now horizon- 
tal agai t is perhaps now too horizontal, as it does not shade the eyes at 
all when the sun is low; a moderate curve would be better. 

Head-Dress of the Cavalry.—The Horse Artillery and Cavalry carry helmets 
and caps of different kinds. 3 

The shape of the helmet in the Guards and heavy is excallent, 
It is not top-heavy ; offers little surface to the wind ; has sufficient but 
not excessive height above the head. The material, however, is objectionable. 
The metal intended for defence makes the helmet very hot and heavy ; and 
the helmet of the Cavalry of the Guard weighs 55 ounces avoir. ; that of the 
Dragoon Guards, 39 ounces (in 1868). But as every ounce of unnecessary 
weight is additional unnecessary work thrown on the man and his horse, it is 
very questionable whether more is not lost than is gained by the great weight 
caused by the metal. Leather is now often substituted in some armica, where 
the cavalry helmets are being made extremely light. 

The Lancer cap weighs 344 ounces ; the Hussar, 293 ounces, Both are 
dresses of fantasy. The Lancer cap, except for its weight, is the better of the 
two ; is more comfortable ; shades the eyes ; throws off the rain better; and 
offers less resistance to moving air than the Hussar cap. 

The undress or forage cap of all corps is a cloth cap, with or without a 
peak, and varying in shape and kind, according to the regiment, and weighing 
about 5 ounces. 

—— a fur cap is used, with flaps for the ears and sides of the face 
and n 

In India, many contrivances have been used. Up to the year 1842 little 
attention seems to have been paid to the head-dreas of the infantry, and the 
men commonly wore their European forage caps. In 1842 Lord aie 
issued an order, that white cotton covers should be worn over all caps ; au 
sequently, a flap to fall down over the back of the neck was added. 
effect of the cotton cover is to reduce the temperature of the air in the cap 
about 4° to 7° Fehr. Although a great im ent, it is not sufficient, 

Afterwards other plans came into use, Pith and bamboo wicker hehnets, 
covered with cotton, have been much used ; especially the latter, which are 
very light, durable, not easily put out of shape, and cheap. The rim should 
not be horizontal, but inclined, so as to protect from the level rays of the sun. 
The pith, or “Sola” hats, appear to be decidedly inferior to the wicker 
helmets ; and men have had sun-stroke while wearing them. 

The turban has never been much worn in India by the English. It 
réquires some time and care to put on; and if not well arranged, is hotter 
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into a knot at the top of the head, and face the sun with scarcely any turban. 
The Chinaman The European in Indi 


"a tail is a mere mark of conquest. India 
generally haz the hair cut short, on account of cleanliness and dust. A small 
wet handkerchief, or piece of calico, carried in a cap with good ventilation, 
may be used with advantage ; and especially in a hot land-wind cools the head 


tly. 
O Oroeat or Neckeloth.—Few the fnglish given rise to more controversy than 
the question of the utility of the ish soldier's stiff stock. In the days 
when the stock was at its worst, it was composed of extremely stiff leather, a0 
hard and firm that it was impossible to bend the neck. It rubbed against 
and irritated the submaxillary glands, and was so uncomfortable that it was 
months before recruits could wear it with ease. Recruits were sometimes 
made to sleep in it, in order to accustom them to it more quickly. Of late 
years the stock has been made lower, and more flexible; and this modified 
stock is still worn in England, though it is now quite discarded in India, 
where a thin handkerchief takes its place. 

It certainly seems wonderful that an apparatus of this kind should have 
found defenders; for it was not merely uncomfortable, and somewhat 
impeded the return of blood through the external jugulars, and hindered the 
action of some of the accessory muscles of respiration, but also (what would 
be more perceptible to soldiers) rendered impossible the bending and varying 
attitudes of the neck, which occur when a man makes a strong exertion. For 
great exertion with the upper extremities cannot be made if the clavicles and 
scapula are not rigidly fixed; and they cannot be fixed unless the neck can 
easily bend. On every account, physiological and mechanical, the neck 
should be left bare, or be protected without any pressure. Nor is there any 
medical reason why it should not be left bare. Like the face, the neck soon 
gets accustomed to exposure ; and besides, if we let Nature follow her own 
course, there is the beard to shelter important parts. 

If the neck is covered at all, it should be with a very thin and supple 
cloth. The collar of the coat should be made low and loose, so as to give full 
freedom to every moment of the neck, and not to compress the root of the 
neck in the slightest degree,* 

In Algeria the French troops have long worn a thin cravat of cotton ; and 
a decree of March 1860 extended ite use to all the corps of infantry. 

Coat, Tunic, Sheil-Jacket, &c.—-The varieties of the coat are very numerous 
in the army ; and there are undress and stable suits of different kinda’ The 
infantry now wear the tunic, which is a great improvement over the old cut- 
away coatee, It is still, however, too tight, and made too scanty over the 
hipa and scroas theabdomen. A good tunic should have a low collar, and be 
loose round the neck, over the shoulders (so as to allow the deltoid and 
latiesimus the most unrestricted play),} and across the chest. It should come 
well across the abdomen, eo as to guard it completely from cold and rain ; 

, ing loosely over the hips, it should fall as low over the thighs aa is 
consistent with kneeling in rifle practice, t.¢, as low as it cam fall without 
touching the ground. ‘Looking not only to the pomfort of the soldier, but to 
tho work and force required of him, it is a great mistake to have the tunic 
otherwise than exovedingly loose. A lovee tunic, a blouse in fact, is in reality 


©, Mr Myers of the Ooldstream Guards, hie directed attention to this 


) ‘than the , 7 
Ut tet wes foe , Page’ high one, Which, if it be presped om the chin, was #0 


"dh This caanat ocdur te are worn; said tt is to be hoped i ) 
ee anh the tae of Ubnse eoceelbed ceaiaenne 7 © be hoped nothing will over coent to 
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a more soldier-like dress than the tight garment, which every one sees must: 
provided with pockets, not only behind, but on the sides and in front ; the 
pockets being internal, and made of a very strong lining. In time of war, a 
soldier has many things to carry ; food, extra ammunition sometimes, all 
sorte of little comforts, which pack away easily in pockets, If the appearance 
is objected to, they need not to be used in time of peace , but with a loose 
dress, they would not be seen. 

A great improvement was made by Colonel Herbert. The old shell-jacket 
was done away with, and a loose frock substituted. As this is sure to 
become the working dresa, and the tunic will be kept for parades merely, the 
soldier will have the great advantage of a loose dress, 

In India the tunic is made loose, and of thin material. 

Watetcoate,—No waistcoats are worn in the British army, but they ought 
to he introduced.* A long waistcoat with arms is one of the most useful of 

“garments ; it can be used without the tunic when the men are in barracks or 
on common drill, Put on under the tunic, it is one of the best protections 
against cold. At present the men are obliged to wear tight coats, and havi 
nothing under them, line them with flannel and wadding. In winter ‘al 
eummer they often wear the same dress, although the oppression in the 
summer is very great. If the tunic were made very loose of some light 
material, and -if a good short Jersey or Guernsey frock were allowed to be 
worn at the option of the men, the men would have cool dreases in summer, 
warm in winter, and the thin tunic would be more comfortable in the 
Mediterranean and subtropical stations. 

Trousere.—Formerly the army wore breeches and leggings ; but shortly 
before or during the Peninsular war trousers were introduced. The increased 
comfort to the soldier is said to have been remarkable; the trouser, indeed, 

rotecting the leg quite down to the ankle, eeems to be as good a dress as can 
‘ai devised, if it is made on proper principles, viz, very loose over the hips 
and knees, and gathered in at the ankle, so that merely sufficient opening is 
left to pass the foot through. The much-langhed-at pegtop trousers seem to 
be, in fact, the proper shape. In thie way the whole leg is protected, and 
the increased weight given by the part of the trousers below the knee is 4 
matter of no consequence. : 

The trousers ate supported either by braces ora belf. If the latter be 
used, it should be part of the trousers, should fit just over the hip, and not 
go round the waist, It must be tight, and has one disadvantage, which is, 
that in great exertion the perspiration flowing down from above collects there, 
as the tight belt hinders its descent ; also, if heavy articles are carried in the 

pocket, the weight may be too great for the belt. Braces seem, on the whole, 
the best. | 


Trousers should be made with large pockets, on the principle of givi 
the men as munch convenience as possible of carrying articlee in time off war. 
In India, trousers are made in the same fashion as at home, but of drill or 


khakee cloth, or thin serge—an excellent material, especially for the northern 
stations ) 


Leggings and Gaiters. —Fornerly long leggings reaching over the knees, aud 
made of half-tanned leather, were used. T a guaghegyg ri 
were subsequently uaed for some time, but were finaly. given up, and for 

© A waleteont was thtrodaced s short time ago, but has‘sines been unfortunately with 
duwnegpie. e. @ ae. a Te 
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aeveral 
Herbert introduced ‘for the Se ee ee 
and buttoning on tho outside. were not of good case ig 


fave now bom pean’ by leggings whisk me om pH ie ne and 
are much more serviceable. 

a pe of the Fronch regiments a gaiter of half-dressed hide comea tp to 

ast below. the knee ; short calico or linen gaitera are worn by other coxpe ; ry 

fap comes forward. over the instep. The calico gniters have been mach 

praised, but they soon get saturated with perspiration, thickened in ridges, and 

Liar eine the akin. On the other hand, leather gaiters, if not made 
of leather, lose their we and press on the ankles and i 

great advantage of gaifers and leggings is, that at the end of a march 

= can be at once removed and cleaned ; but, on the whole, if suitable leather 

be fixed at the sigusdaieeeuncie upaladasleadancades 

abandoned: 

Shoes and Boote,—In the action of the foot expands in length and* 
breadth ; in length often as much as in breadth even more. In 
choosing shoes this must be attended to. a tee shoemaker measures when the 
pereon is sitting, and as a rule allows only ,',th increase for walking. Ankle 
boots, weighing 40 to 42 ounces, are now worn by the infantry : the cav 
have Wellingtons and jackboots. The jackboots of the Life Guards weig 
(with spurs) 100 ounces avoir. Shoes cannot be worn without gaiters 
Ankle boots are preferable ; in the English army they are now made to lace, 
and are fitted with e good tongu e. Great attention is now paid at Pimlico to 
the shape and make of the boot, and the principles laid down by Camper, 
Meyer, and others, are carefully attended to. There are eight sizes of length 
ad four of breadth, making thirty-two sizes in all. The boots are made right 
and left, The heel is made very low and broad, so that the weight is not 
thrown on the toes, the gastrocnemii and solei can act, which they cannot do 
well with a high heel, and there; is a good base for the column which forms 
the line from the centre of gravity, and the centre of gravity is kept low ; the 
inner line of the boot is made straight, so as not to push outwards the great 
toe in the least degree, and there is a bulging over the root of the great toe to 
allow easy play for the large joint. Across the tread and toes the foot is made 
very broad,.so that the lateral expansion may not be impeded ; the toes are 
broad. Great care is taken in the inspection of the boots, the order of inspec 
tion being—let, The proof of the size, which is done i Brmstess 
2d, The excellence of the leather, which is judged A / irs ‘ign aval cae cach 
boot, and by selecting a certain number from each furnished by @ con- 
tractor, oad Tes em UP Pde brn: wrong is gets preeet Aaheiry 
rejected ; 3a, The goodness of th itor he uper tbr) cra ow 
stitches per inch (not jess than cary, gs for cil cig leathers), a certain thickness 
of thread, and the thread. must The giving up of boots is 
guomlly owing to the choeuaor ning slrge ww and unwaxed thread, 
ee rn eben 3 the work is thus easier to hizn, but the thread 
e0o0n 

The Germans are now introducing a long be g, with » alit down the centre ; 
it ean be worn under the trousers, or at outside, as the alit o end 
aig ir aes A somewhat similar boot has been invented by Major 
ges inflicted ‘the foot oot. by tight snd Sade 

agape iy great injury on. 
bai i, Gedowsied and anchagl spit tt eo + pod 

' great toe. is even al atten 
‘ion lately excited on this point is nof unnecessary, ‘The oll 
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children’s feet ‘by the tight leather shoes now made is extremely err : 

injurious. Tt may, indeed, be asserted that the child's foot wo rogretoren 
if left altogether unclothed, and certainly we see no feet so well modelled as 
the children of the poor, who run about shoeless, In the case of the soldiar 
too, who has in many campaigns been left shocless, and has greatly enffered 
therefrom, it is 8 question whether he ahould not be trained to go barefooted, 

The feet soon get hard and callous to blows, and cleanliness is really promoted 
by having the feet uncovered, and by the frequent washings the practice 
renders necessary. After being unworn for some time, shoes that previously 
fitted will be found too small, on account of the greater expansion of the foot, 
and this is itself an argument against the shoe as commonly worn. 

The sandal in all hot countries is much better than the shoe, and there is 
no reason why it should not be used in India for the English soldiers as it is 
by the native; the foot is cooler, and will be more frequently washed. For all 
native troops, negroes, &., the sandal should be used, and the boot altogether 

“avoided. In campaigns it is most important to have large stores of boota at 
various points, so that fresh boots may be frequently issued, and worn ones 
sent back for repair. Soldiers ought to be trained to repair their own boota.* 

Greateoat and Cloak.—In the cavalry, cloaka, with capes which can be 
detached, are carried. They are large, so as to cover a good deal of the horse, 
and are made of good cloth ; the weight is about 5 hb to 6 Ib for the cloak, 
and 2} ib to 3 tb for the cape. The infantry wear greateoats weighing from 
5 th to 6 ht They are now made of extremely good cloth, are double-breasted, 
and are as long as can be managed, They are not provided with pockets at 
the back, which is a serious omission, and they aleo should have loops, so that 
the flaps may be turned back if desired. They are too heavy, and absorb a 
great deal of wet, so that they dry slowly. General Eyre's Committee on 
Equipments recommended a lighter greatcoat, and in addition a pnod water 
proof cape. The suggestion seems to be a very good one.t A hood might 
also be added with advantage. In countries with cold winds they are a great 
comfort. Or the Russian bashlik might be introduced ; it is a most useful 
covering for cold and windy countries. 

The greatcoat is perhaps the most important article of dross for the soldier. 
.WVith a good greatcoat, Robert Jackson thought it might be possible to do 
away with the blanket in war, and if india-rubbor sheets were ped this is 
perhaps possible, In the Italian war of 1859, the French troops left their 
tunica at home, and campaigned in their greatcoate, which were worn open on 
the march.§ 

In countries liable to great vicissitudes of temperature, and to sudden cold 
winds, as the hilly parts of Greece, Turkey, Affghanistan, &c., a loose, warm 


* be worth while to give a receipt: for making boots impermeable to wet, I have tried 
cllowl it cfeotual Take Ball a pound of aloemaker's dubbiue, balf'« pint 
lon). Dissolve with gentle 


linseed oil, pint 
it is very inflammable), and rub ou the boots. This will last for five or six months; but 
hyn it three months. a whole regiment 


every boots of 
ade i ble to wet. Army Circular, clause, 66, 1875, directs—I, That 
com bad tobe blackened with thi, gta of nary blacking, instead of other substances, 
2. Boots or shoes in store are to be'Gy or have neat's-foot oil applied to uppers, at least, 

three—one large sine, one medium, and one small; the weights wore 6 B 8 


5 & 8 ounces. 
Army Ciroulére directs the iseue of « water-proof coat for certain 


Oe Choth. made waterpron{ the following plen :~Make « weak solaticn of 
gite and watlo ts bot aad 1 he of ons ounce ta two quarts ; as n0pn.ae the. 
alum js dievived, and the solution in hot, brush &.well gver-the surface of the cloth, a 

then dry. I$ js enid that ee ee ee ee ee . 
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cloak, which can be worn open or folded, is used by the inbabitanta, and should 
be imitated in campaigns, It is worthy of remark, that in most of these 
countries, thongh the sun may be extremely hot, the elothes are very warm. 

In very cold countries, sheepskin and buffalo-hide coate, especially the 
former, are very useful. No wind can blow through them ; in the oldest 
night of their rigorous winter the Anatolian aphards lie out in their sheep- 
skin coat and hood without injury, though unprotected men are frozen to 
death. In Bulgaria, the Crimea, and other countries exposed to the pitiless 
winds from Siberia, and the steppes of Tartary, nothing can be better than 
coats like these, * 


SECTION V. 


WEIGHTS OF THE ARTICLES OF DRESS AND OF THE ACCOUTRE- 
MENTS, AND ON THE MODES OF CARRYING THE WEIGHTS. 


The following tables give the weights of all the articles used by a Heavy 
Cavalry Regiment, an Hussar Regiment, and the Infantry of the Line. The 
weights carried by the Artillery are much the same as those of the Cavalry. 
The weights of the helmets and jackboots of the Life and Horse Guards have 
been already mentioned. The cuirass weighs 10 tb 12 oz, ; it rests a little on 
the sacrum and hip, and in that way is more easily borne by the man. With 
these exceptions, the weights may be considered nearly the same as those of 
the heavy dragoons, 


CAVALRY. 


The*weight of the accoutrements and equipment is in great part carried by 
the horse. ‘The cloak, when not worn, is carried in a roll over the shoulder, 
or sometimes round the neck, or in front on the horse, 


Private in 6th Dragoon Guards.— Weights in Marching Order (Jan. 1872). 








Articles, th =o, Articles. Th, OR, 

Carbine, . . « 6 8 i i forward, . he 
Sword-belt and aword, -  «  §&  8| Blanket, . . 4 #4 
Pouch-belt and pouch, (te 1 8 {| Heel Ropes, 1 8 
Cloak and cape, - 10 8 Pegs, 2 2 
Valise completely packed, . I6 0 Shackles, ‘ 0 10 
Saddle complete, 47 —- 8 | Collar Shank, 0 18 
Sheonskin, corn- “sack, and nose-bag, 8 8} Wellington boots and spurs, 2 10 
Man's clothing (which includes 

a@ sominioy set of undercloth- | 128 16 

ing, helmet without plume, } 17 0 | Average weight of man (naked), 161 0 

tunics, pants, haversack, gaunt- — 

lets, knee-boote, and spurs, ) Total, . 284 15 





Carry forward, . 112 0 »~ Or 20 stone and 5 Ib (nearly). 


Prise of Men's Clothes, Necossaries, oe 10th sas a aoe (1869).+ 
ieee Th. ri 


0. th =O. 
TX ic, ‘ : . 8 Brought forward, a © 

Buby, pi ume, and lines, =. ; 13 . Fo . : 7 ‘ 

i Pair Lathe r eovarills and arm § a a 2 7 

1 Pair rarer do. ; Bap é = 84 on. ; 3 cape, 3 

lStablejacket, . 3 . 15 1 14 
Carry forward, 12 104 109 : 33 &} 

"Ge teican ait tee Glib tha wool lull Scan Giich ad Wo ia Meas Es Cc, 
-, Sueep-akin bage with the ‘wool inside, were much weed by the French troops during the 


defence of Paris A io winter 1600 1 ‘ 


y change le the sutetitution of books far booted, overall 
ub aomecs ‘change will be permanont, _ ~ 
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Weight of Men's Clothes, Necessaries, $c. 10th Royal Hussars—continued. 
No. Articles. Tbh. oz. | No. Articles, On 


Brought forward, 23 65 Brought forward, 85 
1 Pair boots, . P ‘ . 8 a 4 Brass - ; 5 . 0 $f 
i ry} spars, ry e e 0 5} ] Hold- r) e e e r 0 4 
1 4; blows, . & 8 1 Horse-rubber, . . ool 
: haters i , : et : rg andspoon, . 0 4% 
; i y and s 0 2 
1 Button-brash, (0 il img, es le 
1Cloth ,, . 0 8 $ Shirts, each lddoz, . . 2 11 
l1Hair ,, : . oO 8 1 Button brass, . . . 0 i 
1 Brass __,, . 0 2 1Stok, . . . . 0 he 
llace_,, . Oo ) 2 Towels, 73 oz. each, . 0 st 
1 Shaving ,, - oO 1 Stable trousers, . ‘ » 1 §& 
2Shoe , . ~ . . oO Ff 2 Flannel jackets, eachilloz, 1 6 
1 Tin pecking. ; . oO 4% 1Qiltinn . 2. .  . O) 2b 
1 Hair-comh, ~ 2. »« O Of 1 Pair foot-strapa, Oo 
2 Pairs drawers, each 13§ oz, 1 114 1 Mens-tin and strap, 1 If 
2 Pairs gloves, each 7} 0z., . 0 144 1 Account-book, . 0 1 
Or2 ,, cotton socks, each 0 9 ——— 
sock 2}oz, . .- 45 34 





Carry forward, 35 8] 


Weight of Saddlery, 10th Royal Hussars, 
Articles. Tr. Articles, 





Oz, th, : 
Saddle-tree, . ; ; ‘ 6 53 ' Brought forward, 45 18 
» oat, . : : 1 6 oot a 2 8 : 4 H 
Pair flaps, . . + «© %2 8%} Numn 5 se fe ow OR TY 
»» pana : , ‘ 4 64 Corn-sack, ‘ ; : . } 114 
Girth-tab, ° . ° ° 0 6 N ose-bag, ° ry ° * ] 4 
Girth-leather, ; ‘ 1 14 | Horse-brush, ; : 0 11 
Stirrup-irons, 1 11${;Curry-comb,. . , 0 i 
»» leathers, 1 34 | Sponge, : ; ; 0 2 
Crapper, - 0 14 oof-picker, . 0 1 
Breastplate, . 1 44 | Scissors, 0 83) 
ier) le, . ‘ 0 : oe R 1 $4 
Set o age-strape, 0 ave 2 0 9 
» pa 0 of Carbine, . : ; 66 8 
Pair wallets, . ; 1 144 | Pouch-belt, 11} oz., F 
Pair shoe-cases and straps, 1 4 | Pouch, 124 02, ; ; 3 &} 
4 Horse shoes and nails, » 4 99 | 20 rounds ammunition, 324 02z., } - 
New carbine bucket, . . 2 1384] Waist-belt, &c.,1tloz, .- 
Bridle-bit and head-stall, P 2 2 |Sabretashandslings,1I5hor,;, 7 Of 
Bridoon-bit and reins, 1 2 |} Sword, 4% 10 oz., : ; ( 
Carb-chain, e ry 0 33 
Bit-reina, . 0 103 7607 
Head-collar, . 1 2 a 
Sollar-chain,. .  . 1 12 Weight of equipments, 121 11} 
Sheepskin, . .  . 4 4 ieee? 
—-——ie- | Total weight of Hussar* with} 259 6} 
Carry forward, . 45 13§1 all bisequipmonts, .  . § or 18} at. 
os 


INFANTRY. 


The articles of the infantry eeldiers’ kit have been already noted, The kit 
is divided into the service and-thé surplus kit, the latter being always carried 
for, and not by, the man. Tie service kit consiste of the clothes he wears, 
and of some duplicate articles and other necessaries. 

These articles consist of one shirt {12 ounces in weight if of cotton, 19 


* Average weight and height of the met in thee two cavalry regiments-— 
Sth Dragoon Guards : s " aa o- 
hue, .. so. eee el CS 4 7 ou 
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ounces if of flannel), pair of socks (4 oz.), pair of trousers (23 or 32 0z., accord- 
ing to kind), pair of boote (42 iN towel (8 oz), hold-alf'and knife, fork, and 
spoon (2} oz.), 2 brashea (6 0z.), tin of blacking (63 oz.), forage cap (4 oz.). 

It is not possible to state acourately the weights of all the articles of kit and 
equipment, as some are now being altered, but the following table is fairly 
correct :— 


Average weight ta 
oe 
biheshy of clothes on person, including shako, winter trousers, 10 (OO 
an n e e e e * e i] i e 
Personal necessaries, viz., service kit in valise, . : = « 2 3 
(treatcoat, ; . 5 8 


Valise equipment for carrying necessaries, greatcoat, and arma. 
amie vie valise, two pouches, ball-bag, suspenders, waist-> 5 10 
belt, frog, coat-straps, . ‘ i ; : . ; F 





Haversack, , ‘ ‘ ; : ‘ . Oo 8 
Canteen, . ; ; ; ‘ f ; ‘ ‘ : . 4d 9 ° 
Armament, viz., rifle and sling (9 fb 8 oz.), bayonet G tb), am-}ig = g 
munition (60 rounds, 6 fb weight=1 % for 10 rounds nearly), 
Water-bottle (new pattern) and water, . . . . . 2 
49 7 


In war, food and a blanket would be also carried, adding from 6 to 8 tb to 
the weight. By omitting 40 rounds of ammunition and one pouch, the weight 
of the peace equipment is lessened to 40 fh ; and if the canteen were only 
carried when it was wanted, the weight would be under 39 fh. If the great- 
cost with the cape could be reduced to 5 th, and the summer trousers and the 
boots were left out of the valise, the weight would be reduced below 35 bh, 
and still the soldier would have really everything necessary for his comfort. 

Some experienced officers, however, consider it essential that the second 
pair of boots should be always carried by the soldier. No doubt a man 
should have a second pair of boots, and there may be circumstances in periods 
of peace when he might desire to have them with him ; but surely there is no 
necessity for him to carry, as he does now, even if he only goes on guard on a 
tine day, a pair of boots which he never puts on. It might be left to his dis- 
cretion to carry his extra boote, and it is pretty certain he will take them when 
they add %o his comfort. So also with the second pair of trousers; why 
should they be constantly carried when they are scarcely ever wanted 4 

In time of war it is most important to have the soldier as little weighted as 
possible. The long and rapid marches which have so often decided wars have 
never been made by heavily laden men. The health also suffers. It ia of 
national importanee that the soldier should be as healthy and as efficient as 
possible,.as the fate of a nation may be staked on the prowess of ite army. 
‘The line which the weight of his necessaries should not exceed should be 
drawn with the utmost care ; if his health suffers more by carrying some extra 

de of weight than it benefits by the comfort the articles give, why loed 

im to his certain loss? The overdoing the necessaries of the soldier has 
alwaya been a fault in our army ; Robert Jackson noticed it seventy years ago. 
“ Tt i9'a mistake,” he says, “ to multiply the equipment of the soldier with a 
view of-adding to his comfort,” - 

. There ate certain ae prac eines pram ——— service in s cold 
or wet country, lieve some. jon in present arrangement 
would be desirable. I venture to propose, therefore, some slight changes. 
The greatooat, blanket, and a waterproof sheet (or portion of a ahelter-tent), 
ta keep both the cost and blanket and the man himself dry, are articles of the 
némr + fone nea? than ia)» epaly | nythindg th t «2 | ald? w nett yt di 


EQUIPMENTS. Bat - 
pense with sooner than these, But their weight is considerable, and it is 
necessary to sacriffie something else to secure them. The second pair of 
trousers is clearly unnecessary, and if he started with a thoroughly good pair 
of boots made waterproof, as can be easily done, and a chou Wooen’ ise 
which he might put on after a fatiguing march, and if proper transport were 
provided for due renewal, the second pair of boots might be left ont A 
spare shirt, towel, socks, brushes (or better still, a small-tooth comb for tho 
hair, which prevents vermin), a small hold-all, and a clasp-knife and spoon, 
would comprise all that would be necessary, in addition to his haversack, 
water-bottle, and provisions, The forage cap with waterproof cover should 
be substituted for the shako. 

If such a plan were followed the weight of such a war equipment would 
be as follows :— 





Mavelr, os. 
Clothes on person, Se ee, a ek ae See, 
Service kit in valise, viz., shirt (12 oz.), towel (8 oz.), soap 
each 1 brush (3 0z.), hold-all (8 oz.), socks (4 oz.), shoes 3 60 
O02. e e ° » e s e e e t 
ete Oe ee ee ; 4 0 
aterproo with appliances for tentage), 4 0 
Blanket, : : a ‘ ‘ = 4 0 
Haversack and three days’ provisions, . 6 6 (0 
Water-bottle and 20 fi. oz. of water, z 32 
Canteen, ‘ : ‘ ‘ ‘ i 9 
Valise equipment, © 5 10 
Armament (with sixty rounds), 1 868 
56 13 


On ordinary cecasions in war, as he would only carry one day's provisions 
and 40 rounds of ammunition, the weight would only be 52 bb. ile ho 
would be more comfortably provided, he would be less weighted than with 
the nti system, and would be able, if it were required, to carry entrenth- 
ing too 

The valise equipment proposed by General Eyre's Committee, and which 
has been now adopted for the army, possesses great facilities for carrying these 
articles, as will be presently noticed. 

This commitice also recommended that, instead of the squad-bag for 25 
men, each man shall have a separate canvas bag for his surplus kit, as is now 
provided on board ship. In time of peace this would be carried for him, as 
the aquad-bag is at present ; in time of war it would be left at home. 

It is of great moment to give each man a bag for surplys kit to himself. 
It encourages the men to take care of their things, and enables them to pack 
them oomfortably. The men of the Army Hospital Corps who have such 
bags have told ma@:that they find them in all respects preferable to the squad- 


t may be interesting to give the weights of the various articles carried by 
the infantry soldier of the French, Prussian, and Russian armies 
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Equipment of the French Infantry Soldier (18% Morache.) 














Weight Weight 
Articles, in The. 08 Articles, inthe. os. 
avoir. avoir. 
A. Crornine, &e. Brought forward, . 5 7 
Shako, P ; . O I53/IL In ba — ; 
Greatcoat, 4 2 Shirts, . 3 14 
bs ; 0 6 1 Pair drawers, 0 16 
‘ 1 0% Pair linen gaiters, 0 5 
Neck-cloth, 0 2 1 Night-cap, oO 4 
Braces, 0 1 Pocket handkerchief, 0 8 2: 
‘Trousers, 1 8} 1 Pair shoes, 1 16 
Drawers, 0 10 1 Pair trousers, . 1 8 
Shoes, ‘ : 1 16 Hold-all complete, 1 10 
Leather gaiters, ; 0 11 2 Pairs gloves, »  . 0 «8: 
Pocket handkerchiel, . 0 2% 8 Packets cartridges, § 1 
, ! 0 ik Small book, o 1 
Spoon, 2 0 1 Jersey, §. 2 8 
Total clothing, & 2 43 Passa | 0 ak 
otal clothing, &c., e «i 4 “Cap, - : 
Small. bag, ‘ Q 5% 
B. EquipMENT AND ARMAMENT. rice : 
Rifle (pattern of 1866)* . 8 12 + VA p-Oqulpage :—~ 
npbedo tg a; Teh 2 14 
ta pouch, ; Accessories, 1 8% 
Belt and accessories, . -p # 114 Blanket, . 8 8h 
pei ee clies ait Meee-tins 0 14 
2 Packeta of c a8 in pouch 1 herr. . 
IV. Four days’ provisions, but ’ 
motel OL PIRenent, - 1 3 only two dave cl salt meat 6 7% 
C. Pack. or bacon, + : : 
I. Knapsack empty, . ; 5 67 Total, : . 4 Of 
Carry forward, © & 7 Grand Total, . 72 8 


The German infantry soldier carries the following weights :—{ 


Clothing on the person (with gloves), not including helmet 10 12 

Apes and equipment (including helmet, water-botte | 81 - 

rg agian hare and renrve ae mi . 

Greatooat and straps, cane . oe — : "5 ne 

Rations, ‘ ‘ ‘ : ‘ . ‘ 7 34 
Total, e . @ 6 74 134 


Some of the articles are not always carried by the same such as th 
hatohet, spade, and enffesanill, 20 that the weight say be fessaned to 88 
shooter i aboct Sp ox lighter than the infanty lint, "The Mater side 
oz, ej helmet, The ifle 

weigh 10D and tho bayonet 1D 6 si maces 
Russian soldier carries 705 Bb, the Austrian 60 %, and the Italian 75 

Th. ; the mean of European armies being 66 tb. : 
The mean weight of the rifles carried by European infantry is 9 B 6 on. ; 








* This has been s altered to the Gras riffe, but 3 without change of weight 
Te thie ment to cated for the water-bottd 
if the te be damp, making a total of ubesty 76 Ive » 2 1b. By on, and at least 1 Bb. 2 08, 
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SECTION VL 
CARRIAGHABY THE NECESSARIES AND ARMAMENT, 


The equipment of the cavalry soldier is in great part carried by the horse; 
but I have been informed that the mode in which the cavalry valise is 
arranged is not comfortable to the men. The total weight carried by the 
horse appears also to be Jarge. A soldier has personal and horse equipments 
oqual fo nearly his own weight. I am not competent to pronounce on the 
necessity of this, but it is a fact that in light-cavalry regiments the horse now 
carries nearly 19 stone weight, although the rider is on average under 10 
stone. 

In the case of the infantry soldier, who carries the weights himself, the 
greatest care is necessary to place them in the manner least likely to detract 
from his efficiency or to injure his health. If it were possible to let a man, 
in European, countries, carry nothing but his armament and water-bottle, as 
in India, much more work would be got out of him, longer marches would bu 
made, and he would show greater endurance on the day of action. But such 
an arrangement is impossible, as transport could not be provided, and the 
alternative of leaving a man without his necessaries is not to be thought of. 
But it cannot be too strongly impressed on all commanding officers, that every 
ounce of weight saved is a gain in efficiency. The Prussians, in the war of 
1866, obtained waggons whenever they could to carry the knapsacks, and the 
comparison between the condition of the men thus relieved and those who 
could not be so, was atriking,* I am also convinced that a change of opinion 
must be brought about in the army on a very material point. Some officers 
believe that, as the men must carry weights in war, they ought to carry them 
on all occasions during peace, so that the men may be accustomed to them ; 
and they attempt to strengthen their position by referring to the custom of 
the Romans, who exercised their men in peace with heavier weapons than 
those used in war. But this example is not applicable. A man should be 
exercised in the highest degree in any way which may develop his muscles 
and improve the circulation through his ‘lungs and heart. Any amount of 
muscular exertion (within, of course, reasonable limita), any degree of practice 
with weapons, must be good as long as his body is unshackled ; but if he is 
loaded with weights, and especially if the carriage of the weights at all 
impedes the action of the lungs and heart, then the very exertion which in 
other circumstances would benefit him must do him harm. The soldier must 
carry weights sometimes, but it should be a rule not to carry them when he 
has no immediate need of the various articles The aim should be the 
cultivation of the breathing power of his lungs and the power of his muscles 
to an extent which will enable him to bear his weights, at those times when 
he must rag Arg more easily than if, on a false notion of accustoming him 

he had been obliged to wear them on all possible occasions, _ 

Sufficient practice with the weights to enable a man to dispose them com- 
fortably, and to make him familiar with them, should of course be given ; but 
a very short teaching will suffice for this 

The weights which an infantry soldier has to carry have already been 
stated ; the mode of disposing of them has now to be considered. 





$4 OCONDITIGNS OF SERVICE, 

Weights are most easily borne when the following points are attended 
to :-— 

1. They must lie as near the swinac guy sph In the upright 

ition the centre of gravity is between the pelvis and the centre of ‘the 
body, usually midway between the umbilicus and pubis, but varying of course 
with the position of the body ; a line prolonged to the ground passes through 
the astragalus just in front of the os calcis. Hence weights carried on the 
heed or top of the shoulder, or which can be thrown towards the centre of 
the hip bones, are carried most easily, being directly over the line of the centre 
of gravity. When a weight is carried away from this line the centre of gravity 
is displaced, and, in proportion to the added weight, occupies a point more or 
less distant from the usual site ; until, perhaps, it is so far removed from this 
that a line prolonged downwards falls beyond the feet; the man then falls, 
unless, by bending his body and bringing the added weight nearer the centre, 
he keep the line well within the space which his feet cover. 

In the distribution of weights, then, the first rule is to keep the weight - 
nearer to the centre; hence the old mode of carrying the soldier's greatcoat, 
viz., on the back of the knapsack, is a mistake, as it puts on weight at the 
greatest possible distance from the centre of gravity. 

2. The weights must in no case compress the lungs, or in any way interfere 
with the respiratory movements, or the elimination of carbonic acid, or hinder 
ees of blood through the lungs, or render difficult the action of 
the heart. 

3. No important muscles, vessels, or nerves should be pressed upon. This 
is self-evident ; an example may be taken from the late Regulation pack, the 
arm-straps of which so pressed on the axillary nerves and veins as to cause 
numbness, and often swelling of the hands, which I have known last for 
twenty-five hours. 

4. The weights should be distributed as much as possible over several parts 
of the body. 

If we consider the means made use of by those who carry great weights, we 
find the following points selected for bearing them :— 

1. The top of the head. The cause of this obvious ; the weight is com- 
pletely in the line of centre of gravity, and in movement is kept balanced over 
it, Of course, however, great weights cannot be carried in this way. 

2. The tops of the scapuls, just over the supra-spinous fossa and ridge. 
At this point the weight is well’over the centre of gravity, and it is also 
diffused over a large surface of the ribs by the pressure on the scapula, 

3. The hip bones and sacrum. Here, also, the weight is near the centre of 
Pp ar aa Rae bony arch of the hips, the strongest part 
oO : 


In addition, great use is always made by those who carry great weights of 
the system of balance, The packman of England used to carry from 40 & to 
even 60 Bb easily thirty miles a-day by taking the top of the scapula for the 
fixed point, and having half the weight in front of the chest and half behind. 
In this way he still brought the weight over the centre of gravity. The same 





to the top of the weight, ; 
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These points must guide us in arranging the weights carried by the soldier. 
The weight on the hpad is, of course, out of the question. We have, then, 
the scapule, the hip;:and the principle of balance, to take into consideration. 

In our army the carriage of the kit and aramuniition has always been felt to 
be a difficulty, and many have been the changes in the infantry knapsacks 
since the close of the Peninsular war. The mothed of carriage which was 
formerly in use, though better than some of the older plans, had grave defecta, 
and it has now been superseded by the new equipment.* 

The new infantry equipment, proposed by as War Office Committee, ap- 
pointed by Lord de Grey in 1864, and of which General Henry Eyre was the 
president, was devised for the purpose of enabling the infantry soldier to carry 
his weights with greater comfort (and, therefore, to enable him to march 
farther), and especially to do away with any chance of injuring his heart and 
langa.t This committee have presented four reporte to the War Office. t 

Considerable difficulty was found in fixing the best equipment ; in addition 

*to all the points already noted, simplicity and durability, and as much freedom 
from accidental breakage as could be insured, were essential ; facility of re- 
moval and readjustment for emergencies, adaptation for various conditions of 
service, and suitableness for military exercises, had all to be considered. After 
passing in review all the known plans, and experimenting on a large scale, the 
committee at last recommended a plan which, after an extended trial in many 
regiments, and beiag submitted to the opinions of many officers, has beon 
finally authorised and issued in place of the old pattern, 

The new equipment is essentially based on the yoke valise plan of the late 
Colonel Sir Thomas Troubridge, C.B., who had been for many years experi- 
menting on this subject ;§ but it is greatly altered in details in order to avoid 
the use of copper or iron roda. The two great principles are to use the 
acapulss and the sacrum in about equal poe fas carriers of the weight, 
and to place the weights as near to the body as possible, and, as far as could 
be done, in front as well as behind, so as to avoid the displacement of tho 
centre of gravity. The great advantage of using the sacrum as one of the 
points of support has been very apparent in the trials of the valise plan. In 
that way only can the chest be thoroughly relieved ; a very great weight can 
be carried without injury if it is necessary, and apart from that a mechanical 
advantage of no amall moment has been obtained. Fer the effect of placing 
the kit and ammunition low down is to free the large muscles of the shoulder 
and back from the impediment which hinders their action when a knapsack 
of any kind is carried in ita usual place ; the bayonet exercise can therefore 
be much better performed ; but more than this, the soldier engaged in « per- 
sonal struggle is in far befter position than with a knapsack an the typer part 
* In the former editions descriptions were given of the obsolet — equipment, and 


various other plans. But it has been thonght unnecessary to 
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ee ee ee ee ee tee 
(raised and carried backwards), the man has already a tendency to fall back 
which tells seriously against him, In the new equipment, on the contrary, 
the great weights being all below the centre of gravity, rather tend to keop a 
man steadier and firmer on his legs than otherwise. 

In order to gain these advantages, and also to leasen- the weight of the 
equi t, the framed knapsack was abandoned, and a bag or valise substi- 
tute, which is large enough to carry the service kit and some provisions. 

The woodcuts, although not very complete, will give a general notion of 
this which is indeed not difficult to comprehend, as it is remarkably 
simple. The total weight of the whole equipment, as intended for active 
service, is 5 Ib 8 oz, 

In the first figure the peace equipment is seen. There is a single pouch in 
front, which can be shifted to one side so as to allow the waist-belt to be 
opened. The straps running up over the shoulder from the rings are made 
progd, on, the scapuls, they cross on the back like a common pair of braces,* 
When. tepobing the top of the valise on the other side by a buckle, run 

adele ain to the ring on the opposite side from which they started. 












Fig. 110.—No. i. Fig. 111.—No. » a . - 


From this ring a strap runs to the bottom of the valise which is 
on the sacrum, a8 seen in the second figure ; by this arrangement 
of the valise is thrown partly on the shoulder, partly on the sacrutu, and is 
aloo thrown forward in a line with the centre of gravity. From the ring 
another strep runs to the waist-belt and supports the ammunition, which thus 


full services order two are carried in front, as seen in the thind 
rounds ; thore is also a ball-bag, intended to hold loose 


eartzidges for rapid. fixing, in which, if there he. necessity, 20 or even 80 

poor snail pag There is provision in the valise for 20 more. , 

*. The t is above the valise, and being soft gives no obstruc- 
tion to the action of the muscles of the shoulder. 

‘Fhe canteen can be carried as shown in the second figure ; but many officers 

- prefer carrying it on the valise, where there are two loops intended for it, 

' "‘Phis equipment is very easy, and leaves the cheat perfectly free ; it is very 
simple both in principle and construction, and affords many facilities for 
carriage of articles, such as the haversack, the water-bottle, blanket, &c., 
which will prove very useful on service, It is of more importance to note 
here, that it certainly answers all medical 
requirements ; and as it leaves the man very | 
free and unincumbered in his movements, 
it does away entirely with the stiff unmili- 
tary appearance produced by the old plan. 
¢ There seems only one sanitary point 
which has been urged against this equip- 
ment, and that is, that a good deal of tho 
back is covered, and that perspiration col- 
lects under the valise. Whatever equip- 
ment be used, there must be retention of 
perspiration under the covered parts ; this 
is inevitable, and is produced by any knap- 
sack. The valise equipment is no excep- 
tion to the rule, but it is singular how little 
perspiration really collects under the valise 
if the man knows how to manage it. By 
allowing the top of the valise to fall back 
half-an-Inch, a space is left between the 
greater part of the valise and back, which 
allows evaporation, and the loina are kept 
cool, On the march also, when the waist- 
belt is unbuckled, both the valise and great- 
coat hang loosely and away from the body,* 
and evaporation goes on, I believe that ‘ 
practically there will be found lees accumu- 
lation of perspiration than with almost any Fig. 112, No. 8, 
other plan. t 





SECTION VIL 
WORK OF THE SOLDIER. 
The kind and amount of work in the different arms of the service is an 





* The army, who will in time to come, and especially in war, feel the benefit of this arrang 
ment (for though details may be eltered I beltve the principal ofthe vali agufpment willbe 

should how sauch it owes to General Eyre, the t of the War 
Office Committee on ‘Kanpseels, who laboured at this matter with constant rpc Pan 
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different that it is impossible to bring it under one general description. In 
the artillery, ng horses, guns, aud accoutrements, and gun 
drill ; in the cavalry, cleaning of horses, accoutrements, and drill with the 
special arm; in the infantry, drill, and barrack and fatigue duties, and the 
cleaning of arms and accoutrements, are all kinds of work, the amount of 
which is not easy to estimate, 

Much of the work of the artillery and cavalry is highly beneficial to them, 
and the fine well-developed muscles show that all of the body are 

rly exercised. Some of the work (such as gun drill or sword exercise) 
is hard, and even violent, and the great amount of aneutism in both bodies of 
men, as well ag in the infantry, has led to the idea that the exercise is either 
too severe, or is performed under unfavourable conditions, such es heavy 
equipments or too tight-fitting clothes. Although violent while it lasts, it 
seems questionable whether the work is so severe as that which many 
mechanics undergo without injury ; it may, however, be more sudden and 
rapid, and the heart may be brought into more violent action. The condition? 
under which’ the work is done are certainly less favourable than in the case 
of the mechanic, who is never embarrassed by weights or tight clothes. 

In the infantry the amount of aneurism is slightly below that of the other 
arms, but not much so. The hard work in the infantry is the running drill 
when the weights are carried, bayonet exercise, and long marches ; but though 
severe, it is not so excessive as to lead us to think it would do injury to 
strong men if all circumstances were favourable. 

During war the amount of labour unde is sometimes excessive, as will 
be clear from what is said in the next section, and in the rapid campaigns of 
modern times, very young and weakly men are soon exhausted. 

A soldier requires to be trained for the ordeal of active service, and this is 
now done in our army by a series of gymnastic exercises and systematic 
marches, intended to develop every muscle, to make the artillery or the 
cavalry man able to vault on his horse, and the foot soldier to run and to 
ewalade, and to march great distances without fatigue. 

Gymnastic Exercizes,—All military nations have used in their armies a 
system of athletic exercises. The Greeks commenced such exercises when 
the increase of cities had given rise toa eertain amount of sedentary life. 
The Romans began to use athletic training in the early days of the Republic, 
entirely with a view to military efficiency. The exercises were continuous, 
and were not alternated with periods of complete idleness. 

The officers exercised with the men. At a later day, we are told that 
Marius never missed a single day at the Campus Martius ; and Pompey is said 
by Sallust to have been able at fifty-eight years of age to run, jump, and carry 
& load as well as the most robust soldier in his army. 

Swimming was especially taught by the Romans, and 20 essential were the 

tic exercises deemed that, to express that a man was completely 


: agnorant, if was said “he knew neither how to read nor swim.” The 


wet 
« 


exercises were the last of the old custems which disappeared before 
increasing luxury of the latter empire. 


. ‘In. the feudal times the i the weapons was the best 
‘seaetlea | srg poe ia Taga 


gymnastic 
was -P ‘to practise with the bow ; the 
eaderwent sn enoroos snoant exercies, both with and without 
After the invention of Slgpar ogg ger of sizength and egility 
brome of lees izeportence fer poldier, and athlctic training was discon- 
tinned every wham, But within She lat iow yous the changing conditions of 
modern warfare have again demanded from the soldier a degree of endurance 
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and of rapidity of movement which the wars of the eighteenth century did 
not require, And the popalation generally of this country have of inte years 
heoome ative to the necessity of compensating, by some artificial ayatem of 
museular exercise, the sedentary life which se many lead. 

In our own time, the first regular gymnasium appears to have been estab- 
lished at Schwefental, in Saxony, by Saltgmann, with a view of giving health 
to the body, etrengthening certain museles, and remedying deformitice, 
About forty years ago Ling also commenced in Sweden the aystem of move- 
ments which have made his name so‘celebrated. Switzerland, Spain, and 
France followed, and of late years in Germany many gymuaatic socicties 
(Turner-Verein) have been founded in almost all the great cities, and the litera- 
ture of gymnasticiom is now a large one, In our own country, the outdoor 
and vigorous life led by the richer classes, and by many working men, 
rendered this movement less necessary, but of late years societies have been 
formed, gymnasia established, and athletic sports encouraged in many places. 
* Among armies, the Swedish and Prussian were the first to attempt the 
physical training of their soldiers, France followed in 1845, and ever since 
a complete system of gymnastic instruction has been carried on in the French 
army, and a military gymnastic echool exists at Vincennes, where instructors 
for the army are taught. 

‘ In the English army this matter attracted less attention until] after the 
Crimean war, when the establishment of gymmasia es a means of training and 
recreation were among some of the mariy reforms projected by Lord Herbert. 
In 1859 General Hamilton and Sir G. ogee, lately Director-General of the 
Army Medical i ae: were sent over to inspect the systems in use on 
the Continent, and presented a very interesting Report, which waa subse- 
quently published. A grant of money was immediately taken for a gymnasium 
at Aldershot, and this has now been in operation for several years, under the 
direction of Colonel Hammersley, with most satisfactory resulta. Gymnasis 
are now ordered to be built at all the large stations, and a complete code of 
instructions, drawn up by Mr Maclaren of Oxford, is published by authority. * 

The instructions have two great objecte—1.¢, To assist the physical develop- 
ment of the recruit ; 2d, To strengthen and render supple the frame of the 
trained soldier. Every recruit is now ordered to have three months’ gymnastic 
training during (or, if judged expedient by a medical officer, in lieu of part of) 
his ordinary drill Two months are given before he commences rifle practice, 
and one month afterwards. This training is superintended a medical 
officer, who will be responsible that it is done properly, end who will have 
the power to continue the exercises beyond the prescribed time, if he deems 
it necessary. The exercise for the recruit is to last only one hour a-day, and 
in addition he will have from two to three hours of ordinary drill. 

The trained infantry soldier under ten years’ service is ordered to go through 
a gymnastic courses of three months’ duration every year, one hour being given 
every other day. The cavalry soldier is to be t fencing and sword exercise 
in lien of gymnastics. | 

The Code of Instructions drawn up by Mr Maclaren consists of two parts,’ 
elementary and advanced exercises. The exercises have been arranged with: 
very great care, and present @ progressive course of the most useful kind. ° 
The early exercise commences with walking and running ; leaping, with and 
without the pole, follows; and then the exercises with apparatus commence, 

eA” ayotem of Cymansic Buorciees, by Anchibald Macisren, Adjutant-Gensen!s 
Mr Maclaren has blished works of ty: 
OE err tia’ acl Physial Bdnestioa, "Tas last werk should be ia the bunddot every 
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the order being the horizontal beam, the vaulting bar, and the vaulting horse; 
All these are called exercises of progression. The elementary exercises follow, 
viz., ‘with the parallel bars, the pair of rings, the row of rings, the elastic 
ladder, the horizontal bar, the bridge ladder, and the ladder plank. Then 
follow the advanced exercises of climbing on the slanting and vertical pole, 
the slanting and vertical rope, and the knotted rope. 

apes f the most advanced exercises consist of escalading, first against a 
wall, and then against a prepared building. 

In the French army swimming and singing are also taught. Both are very 
useful ; the singing is encouraged, not as a matter of amusement (though it 
is very useful] in this way), but as a means of improving the lu 

Swimming should be considered an essential part of the soldier's education, 
and it is probable that it will be systematically taught in the English army. 

Robert Jackson very strongly recommended that dancing should be taught 
and encouraged. There is sound sense in this ; a spirited dance brings into 
play many muscles, and in a well-aired room is as good an exercise as can he * 
taken, It would also be an amusement for the men, 


Duties of the Officer in the Gymnasium. 


The Medical Regulations order the inspecting medical officer and surgeon 
to visit and advise on the kind and amount of gymnastic exercises, The 
Queen’s Regulations (Para. 1360) order a strict medical examination of each 
man before the instruction is commenced. During the course further inspec- 
tions are to be made—of the recruits once a fortnight, of trained soldiers 
monthly, The measurements of the recruit are aleo to be taken under the 
direction of the medical officer, The following points should be attended in 
regard to— 
1, Recruite.—The recruit is inspected from time to time, to see if the 
system agrees with him. 
(a) Weight.—The weight of the body should be ascertained at the begin- 
ning and end of the course, and during it, if the recruit in any way complains, 
With sufficient food recruits almost always gain in weight, therefore any loss 
of weight should at once call for strict inquiry. It may be the recruit is 
being overdone, and more rest may be necessary. But in order to avoid the 
greatest error, the weights must be carefully taken; if they are taken at all 
times of the day, without regard to food, exercise, &c., accuracy is impossible ; 
there may be 2 tb or 3 tb variation, The physiological practice during 
experiments is to take the weight the first thing in the morning before 
breakfast, and after emptying the bladder. If it cannot be done at this time, 
scarcely any reliance can be placed on the result. Food alone may raise the 
weight 2 Ib or 3 , and we cannot be sure that the same quantity of food is 
taken daily. The clothes, also, must be remembered ; men should be weighed 
naked if possible, if not, in their trousers only, and always in the same dress. 
6) Height—This is usually taken in the erect position. Dr Aitken* 
‘recommends it to be taken when the body is stretched on a horizontal plane. 
A series of experiments on both plans would be very desirable. _ 
) Girth of Cheat.—The cheat is measured to ascertain its sheolute sise, 
and ita amount of expansion. 

It ia best measured when the man stands at attention, with the arms 
hanging ; and the tape should pass round the nipple line. The double ta 
(the junetion being piaced on the spine) ix a great improvement over the 


On the growth of the Recruit, p. 68, 


an ial 





single tape, as it monsures the sides separately, and with practice can be dosié: 


aa quickly. 

The chest should be measured in the fullest expiration and fullest ins 
tion. If the chest is measured with the arms extended, or over the ag 
ordered in the Regulations in Recruiting, the scapule may throw out the tape 
from the side of the chest. 

@ The Inepiratory Power, as expressed by the spirometer, may also be 
emplo 

(c) Trout of Muscles.—This ‘is known by feeling the muscles when 
relaxed and in action, and by measurements. The measurement of the upper 
arm should be taken either when the arm is bent over the most prominent 
part of the biceps, or over the thickest part when the arm is extended. 

(f) General Condition of Health.—Digeation,'sleep, complexion, &c, The 
recruit should also be inspected during the time of exercise, to watch the 
effect on his heart, lungs, and muscles. In commencing training the great 

“point is to educate, so to speak, the heart and lungs to perform suddenly, 
without injury, a great amount of work. To do this there is nothing better 
than practice in running and jumping, It is astonishing what effect this soon 
has. If possible, the increase in the number of respirations after running 200 
or 300 yards should be noted on the first day, as this gives a standard by 
which to judge of the subsequent improvement. JButas it would be impossible 
and a waste of time to do this with all the mon, directly the run is ended 
the men should range in line, and the medical officer should pass rapidly 
down and pick out the men whose respiration is most hurried. In all th 
exercises the least difficulty of respiration should cause the exercise to be 
suspended for four or five minutes.* The heart should be watched; the 
characters indicating the necessity for rest or easier work are excessive rapidity 
(130-160), smallness, inequality, and irregularity. 

Sorencas of muscles after the exercise, or great weariness, should be inguired 
into. It would be well every now and then to try the inguinal and femoral 
rings during exertion and coughing. 

One very important part in gymnastic training depends on the instructor, 
A good instructor varies the work constantly, and never urges & man to 
undue or repeated exertion. If the particular exercise cannot be done by 
any man it should be left for the time. Anything like urging or jeering by 
the rest of the men should be strictly discountenanced. The instructor should 
pass rapidly from exercise to exercise, so that a great variety of muscles may 
be brought into play for a short time each, and as the men work in 
and all cannot be acting at once, there is necessarily a good deal of reat, 

The grand rule for an instructor is, then, change of work and sufficient 


rest. 

In the case of a recruit who has not been used to much physical exertion 
the greatest care must be taken to give plenty of rest during the exercises. 
There may even eeem to be an undue proportion of rest for the first fortnight, 
but it is really not lost time. The medical officer is only directed to visit the 
gymnasium once a fortnight, but during the first fortnight of the training of a 
batch of recruits he should visit it every day. 

With proper care men are very ecldom injured in gymnasia. I waa in- 
formed at Vincennes that, though they did not take men unises they were 


@ In the of horses the points always attended to are—the ual Increase’of 
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w ; 
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sighing, or in any other way, that the speed was too great for 
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certified ag fit. by a medical officer, they ocodsionally got men with “ delicate 
chests,” though not absolutely diseased. These men always a es marvel. 
lously during the six months they remained at Vincennes. fact, a regu- 
lated course. of gymnastics is well known to be an important remedisl measure 
in threatened phthisis, Hernia is fade rrr Vineennes. Pilea 
appear that an is too preat to ne ¥ gymnastics, ino, 
men the condition of the heart and vessels (aa to rigidity) should be looked to. 
Trained Soldiers,—There is less occasion for care with these men; they 
should, however, be examined from time to time, and any great hurry of re- 
spiration noted. The man should be called out from the class, his heart ex- 
amined, and some relaxation advised if necessary. F 


Drills and Marches. 


In drill, and during marches, the movements of the soldiers are to a certain 
extent constrained.. In [the attitude of “attention” the heels are close 
together, the toes turned out at an angle of 60°, the arms hang close by the* 
sides, the thumbs close to the forefingera, and on a line with the seam of the 
trousers. The position is not a secure one, as the basis of support is small, 
and in the manual and platoon exercise the constant shifting of the weight 
changes the centre of gravity every moment, so that constant muscular action 
is necessary to maintain the equilibrium. Men are therefore seldom kept long 
under attention, but are told to “ stand at ease ” and “ stand easy,” ém, which 
cases, and especially in the latter, the feet are farther apart and the muscles 
are less constrained. 

In marching the attitude is still stiff—it is the position of attention, as it 
were, put into motion. The alight lateral movement which the easy walker 
makes when he brings the centre of gravity alternately over each foot, and 
the slight rotatory motion which the trunk makes on the hip-joint, is restrained 
as far as it can be, though it cannot be altogether avoided, as is proved by 
observing the light swaying motion of a line of even very steady men marching 
at quick time. Marching is certainly much more fatiguing than free walking ; 
ae in the French army, and by many commanding officers in our own, thé 
men are allowed to walk easily and disconnectedly, except when closed up for 
any special purpose. This may not look so striking to the eye of a novice, 
but to the real soldier, whose object is at the end of a long march to have his 
men #0 fresh that, if neceasary, they could go at once into action, such easy 
marching is seen to be really more soldier-like than the constrained attitudes 
which lead so much sooner to the loss of the soldier's strength and activity. 

In walking, the heel touches the ground first, and then rapidly the reat of 
the foot, and the great toe leaves the ground last. The soldier, in some 
countries, is taught to place the foot almost flat on the ground, but this is a 


of the heel. The toes are turned out at an angle of about 30° to 45°, and at 
each atep the leg advances forward and ¢ little outward ; the centre of gravity, 
which is between the navel and the pubis, about in a line with the promontory 
of the secrum (Weber), is constantly shifting. It has been that it 
would be of advantage to keep the foot quite stmight, or to turn the toce a 
little in, and to let the feet advance almost ina line with each other. 


and I do not see why the gastrocnemii and solei ehould contract better in this 
= bat there is a loss of epring from the other toes, Besides thia,-i 
hein shown by Weber that when the leg is at its greatest length, ia, 

when it has just urged the body forward, is lifted from the gon i 
falls forward like a pendulum from its own weight, not from muscular action, 
and this advance is from within and behind to without and -before, a0 that 
this action alone carries the leg outwards. | 

The foot should be raised from the greund only so far as is necessary to 
clear obstacles, Formerly, in the Russian Imperial Guard, the men were 
taught to march with a peculiar high step, the knee being lifted almost to a 
level with the acetabulum. The effect was striking, but the waste of power 
was eo great that long marches were impossible, and I believe this kind of 
marching is now given up. The foot should never be advanced beyond the 
place where it is to be put down; to do so is a waste of labour, 

In the English army the order is as follows :— 


Length and Number of Steps tn Marching. 


| | Ground Travereed 
Ground Traversed 
Kind of Step. Length. | No. per Minute. yper Minute. per ome —~ 














Aes Inches Feet. 
Slow time, . 30 75 187% 
Quick time, . 30 116 290 
Stepping out, ‘ 83 110 $03 
fa le, en ; ay 166 458 

teppin ae tos ai 
Side ater, - . Y 12 
or when 


Forming four dee 24 
Btepping back, ©. | 30 
The “ double ” is never continued very long ; it is stopped at the option 
of the commanding officer. In the French army it is ordered not to be con- 
tinued longer than twenty minutes.* At the double (if without arms), the 
forearms are beld horizontally, the elbows close to the side; if the rifle is 
carried, one arm is so held. There is an advantage in this attitude, as the 
arms are brought into the position of least resistance ; more fixed pointe are 
given for the muscles of respiration, and the movement of the arms and 
shoulders facititates the rapid shifting of the centre of gravity. 








oe It be worth while to,mention some of the feats of celebrated pedestrians as a means 
The saile has been walked in 7 minutes (or at the rate of 84 miles per hour). Such an exer- 
tion is enormous, for the exertion is in the ratio of the velocity. . 

_ Pen miles have been walked by Captain Saunders in 994 minutes, and 21 miles in 8 hours 


by Westhall. ‘ 
4s 100 yards have been covered in 9} seconds ; a little over 10 see. is the usual 


se } a ante 
@ miles in 9 minutes 0s, 
- is / Sg 
11 and 66 yards a - 
9 5 10 oy 
0 ,, 5 hours, 
300 18 hours and 50 minntes. 
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Quick tims is always used in drills and marching. The ground got over 
per hour is generally reduced by halts to 2°8 miles. = 

Running drill has been introduced during the last seven years ; if is not 
carried beyond 1000 yards, and the men are gradually brought up to this 
amount, The pace is not to exceed 6 miles anbour. All men over 15 years’ 
service and weakly men (if considered unfit by the medical officers), are to be 
excused (Queen’s Reg. 1377). 

“In the French army the length of the step is rather different. 


French Steps in English Measures. (Morache, 1874). 


Length of § 
criachen 











Ground Travereed 
Grountl Traversed 
per Minute in | per Hour in Miles. 









Steps per Minute. 









Pas ordinaire, . 
Pas de route, . 
Pas accéléré, 
Pas de charge, . 
Pas maximum 
(gymnastique), 
The French step is therefore 4 inches shorter than the English ; this is 
perhaps because the men are, as a rule, shorter. The Prussian and the 
Bavarian step is 314 inches long, and 112 steps are taken per minute. 

The exact length of the step, and the number per minute, are very import- 
ant questions, The object of the soldier is to get the step as long, and the 
number per minute as great, as possible, without undue fatigue, so as to get 
over the greatest amount of ground. 

The quickest movement of the leg forward in walking has been shown by 
Weber to correspond very closely with half a pendulum vibration of the leg, 
and to occupy on an average, 0°357 seconds ; this would give 168 steps per 
minute, supposing the one foot left the ground when the other touched it. 
This is much quicker than the army walking step (the double is a run), and 
no doubt much quicker than could long be borne, aince, with a atep of only 
30 inches, it would give nearly 5 miles per hour ; but it may be a question 
whether, with men in good condition, the pace might not be increased to 130 
per minute Practical trials, however, with soldiers carrying arms and 
accoutrements can only decide this point. 

The length of the step of an average man has been fixed by the Brothers 
Weber at about 28 inches. Ih individual cases, it depends entirely on the 
length of the legs. Robert Jackson considered 30 inches as too long a step 
for the average soldier, and suggested 27 inches. It is of great importance 
not to lessen the length too much, and it would be very desirable to have some 
well-conducted experiments on this point. The steps must be shorter if 
weights are carried than without them ; a little consideration shows how this 
is: When a man walks, he lifts his whole body and propels it forward, and 
in doing so, the point of centre of gravity describes a circular motion, in the 
form of an are about, the foot. The leas the body is raised, or, in other words, 
the shorter the versed sine of the arc, the less of course the Iabour. In long 
steps the arc, and of course the vere sine, or height to which the body is 
raised, are greater; in short ateps,lees.* It ia probable that, with the weight 
the sdidier arries (60 Bb), the step of $0 inches is quite long enough, perheps 
even too long’; and it would be desirable to know if, after a march of six or 
eight miles, the stepe do not get shorter. 


mens mig, tooo of Toten ar keel WY as ngs pred 











MARCHES DURING WAR. SOR 


In is commenced at the pas de routs (90 stepe 
per minute) ; then accelerated to 110 3 during the last half-hour 100 steps 
are returned to, But the soldiers th vea often set the step ; the grenadiers 
and the voltigeurs alternately leading. Four kilometres (= 24 miles) are done 
in forty-five or forty-eight minutes. One kilometre (= 0°62 miles) is done in 
about twelve minutes, 

The soldier, in this country, when he marches in time of peace in hea 
order, carries his pack, kit, haversack, water-bottle, greatovat, rifle, 
ammunition (probably twenty rounds). In India, he does not carry his pack 
or greatcoat. 

There is a very general impression that the best marchers are men of middle 
size, and that very tall men do not march so well. 

Length of the March.—In “marching out” in time of peace, which is 
done once or twice a-week in the winter, the distance is 6 or 8 miles. In 
marching on the route or in war, the distance is from 10 or 12 miles to 
occasionally 18 or 20, but that is a long march. A forced march is any 
distance—25 to 30, and occasionally even 40 miles being got over in twenty- 
four houre. In the Prussian army the usual march is 14 miles (English) ; if 
the march is continuous, there is a halt shad fourth day. 

Conditions rendering Marches Slower.—The larger the body of men the 
slower the march ; 14 miles will be done in six or seven hours by two or three 
regiments, but not under eight or nine hours by 8000 or 10,000 men. A 
large army will not go over 14 miles under ten hours usually. A single 
regiment can do 20 miles in eight houra, but a large army will take twelve or 
fourteen, including halts. Head winds greatly delay marches ; a very 
wind acting on a body of men will cause a difference of 20 to 25 per cent., or 
4 miles will be got over instead of 5. 

Snow and rain, without head wind, delay about 10 to 15 per cent., or 44 
miles are done instead of 5. 

Of course, bad or slippery roads, deep sands, heavy snows, jungle and 
brushwood, are often acting against the soldier, and in hilly and jungly 
countries only 5 or 6 miles may be got over in a day. 

Conditions adding to the Fatigue of Marching.—Heat—dust—thiret— 
constant halts from obstructions—want of food—bad weather, especially head 
winds with rain. In order to avoid heat and dust, it is desirable, when it 
can be done, to separate the cavalry and artillery from the infantry ; to let 
the latter march in open order, and with as Jarge a front as possible, 

Instances of Marches during War.—It is most important for a soldier to 
know what has been done and what can be done with a large body of’ foot 
soldiers, and it is scarcaly less interesting to the a fattr In comparing 
the marches of infantry, it must always be remembered how great an effect 
increasing the number of men has in lessening the rapidity and length of a 
march, and in increasing the fatigue. No large army has ever made the 
marches small bodies of troops have done. 

At times the fatigue undergone by trained men bas been something almost 
incredible, Wolfe mentions in one of his letters that in 1760, just before 


596 CONDITIONS OF SERVICE. 


in all, a weight of between 50 and 60.* There were yon faibhrabpchan 
glere. Tho men had been well trained in marching during the previous mo 

One of these regimente—the 52d—made in India, in 1857, a march as 
aia riage In the height of the mutiny, intelligence reached them of the 
locality of the rebels from Sealkote. The 52d, and some artillery, started at 

ight on the 10th of July 1857 from Umritzur, and reached Goodasepore, 42 
miles off, in twenty houra, some part of the march being in the sun. On the 
following morning they marched 10 miles, and engaged the mutineers. They 
wore for the first time clad in the comfortable gray or dust-coloured native 
Khakee cloth. 

A march of a small party of French was narrated by an officer of the party 
who was afterwards wounded at Sedan, to Dr Frank, who kindly gave me 
the particulars. A company of a regiment of Chasseurs of Macmahon’s army, 
after being on grand guard, without shelter or fire, during the rainy night of 
the 5th-6th August 1870, started at three in the morning to rejoin ite | 
regiment in retreat on Niederbronn, after the battle of Weissenburg. It 
arrived at this village at 3.30 in the afternoon, and started again for 
Phalsbourg at six o'clock. The road was across the hills, and along forest 
tracts, which were very difficult for troops. It arrived at Phalsbourg at 8.30 
o'clock in the evening of the next day. The men had, therefore, marched 
part of the night of the 5th-6th August, the day of the 6th, the night of the 
6th-7th, and the day of the 7th till 8.30 er. The halts were eight minutes 
every hour, from 3,50 to 6, one hour in the night of the 6th-7th, and 2 
hours on the 7th. Altogether, including the halts, the march lasted 41 
hours, and the men must have been actually on their feet about thirty hours, 
in addition to the guard duty on the night before the march. 

An officer of a Saxon Fusilier regiment gave me the following statement 
of a forced march in one of the actions at Metz, in 1870. The regiment 
was alarmed at midnight and marched at one a.m, and continued marching 
with halts until 7 p.m. ; they bivouacked for the night, marched at 7 the next 
morning, came into action at 1:30, and in the evening found themselves 15 
kilometres beyond the field of battle, The total distance was 53} miles in 
about forty-two hours, with probably fifteen hours’ halt, 

Roth mentions that the 18th division of the Saxon army in the various 
manceuvres about Orleans marched, on the 16th and 17th December 1870, 54 
English miles, 

Von der Tann’s Bavarian atiny, in retreat on Orleans, marched 42 miles in 
twenty-six hours. 

These were all forced marches for the purpose of coming into action or retir- 
ing after discomfiture. Apart from the Peninsular Light Division march, they 
show that in two days and one night a small body of men may cover 54 
English miles, and that is probably near the limit of endurance. The Light 
Division march is #0 excessive (62 miles in twenty-six hours, or 238 miles 
every hour, without reckoning halts), that it may be doubted if the distance 


= reckoned. t 
nats aac moves it has never accomplished such distances, 
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in the Ponmaula, 8d edit. vol. ii. p. 400; Moorsom’s Record of the 
extraordinary 


Both authors state that the men carried between 50 Ib and 60 1 on this 
but there sceme a little doubt of this. During the Penineniar 
hout 2 Ib, and thot: kite were very conus 





In 1806 the y on ane occasion 49 ki or 30} 
miles, On the 15th June 1815, Napoleon made a forced march to 
the only accomplished 30 kilometres or 184 miles. 


was about 14 miles. ‘When the Prussians advanced on Vienna, after the 
battle of Kéniggritz in 1866, they accomplished almost the same, and had also 
— duty every other night. 
ete ote ear Sn nS ft 
| ish) in s, but as act Ming was done on C) 
ee aly facil was (4687 +44) 10°65 miles; the longest ees WAS 
es, 
mahon’s army, in its march to relieve Bazaine at Mets, could only 
accomplish about 10 miles daily, while the Crown Prince of Prussia in pursuit 
‘was far more rapid. 
After Sedan, the Prussian and Saxon troops pushed on to Paris by forced 
* marches and accomplished on an average 35 kilometres, or 21 miles, daily, 
and they marched on some days 42 to 45 kilometres (26 to 28 miles); they 
started at five or six, and were on their ground from four to eight o'clock, the 
average pace being 5 kilometres (3°1 miles) per hour. 
Pr the Indian mutiny several regiments marched 30 miles a day for several 
ya, 

When marches are continued day after day, an average of about 20 miles 
may be expected from men for two or three weeks, after which, probably, the 
amount would 

ate oe neces ~ labour of euch rain as besides the ar 
march there is often work in fetching water, cookit » Pitching tenta, sentry, 
outpost, and picket duty, &c. Ae 20 miles aday with 60 & weight is 
equivalent to lifting 495 tons one foot, and there is always additional work 
to be done, it is clear that the labour is excessive and must be prepared for, 
and that during the time the men must be well fed. 

In marching long distances, the extent of the —- halting grounda, 
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overcrowding in barracks ; and the Medical Board of Bengal have, in accord- 
ance with this opinion, recommended that military movements in close order 
should be as little practised as possible, There should also be as much inter- 
val as can be allowed between bodies of troops, | 

Effects of Marches.—Under ordinary conditions, both in cold and hot 
countries, men are healthy on the march. 

But marches are sometimes hurtful— 

let, When a single long and heavy march is undertaken when the men are 
overloaded, without food, and perhaps without water. The men fall out, and 
the road becomes strewed with stragglers. Sometimes the loss of life has 
been great. 

The prevention of these catastrophes is easy. Place the soldier as much as 
possible in the position of the professional pedestrian ; let his clothes and 
accoutrements be adapted to his work ; supply him with water and proper food, 
and exclude spirits ; if unusual or rapid exertion is demanded, the weights 
must be still more lightened. 

When a soldier falls out on the march he will be found partially fainting, 
with cold moist extremities, a profuse sweat everywhere; the pulse is very 
quick and weak—often irregular ; the respiration often sighing. The weights 
should be removed, clothes loosened, the man laid on the ground, cold water 
dashed on the face, and water given to drink in small quantities. If the 
syncope is very alarming, brandy must be used as the only way of keeping 
the heart acting, but a large quantity is dangerous. If it can be obtained, 
weak hot brandy and water is the best under these circumstances. When he 
has recovered, the man must not march—he should be carried in a waggon, 
and in a few minutes have something to eat, but not much at a time. n- 
centrated beef-tea mixed with wine is a powerful restorative, just as it is to 
wounded men on the field. 

2d. When the marches which singly are not too long, are prolonged over 
many days or weeks without due rest. 

With proper halts men will march easily from 500 to 1000 miles, or even 
farther, or from 12 to 16 miles per diem, and be all the better for it; but 
after the second or third week’s, there must be one halt in the week besides 
Sunday. If not, the work begins to tell on the men; they get out of condi- 
tion, the muscles get soft, appetite declines, and there may be even a little 
anemia. The same effects are produced with a much less quantity of work, 
if the food is insufficient. Bad food and insufficient rest are then the great 
causes of this condition of body. 

In such a state of body malarious fevers are intensified, and in Indis 
attacks of cholera are more frequent. It has been supposed that the body is 
overladen with the products of metamorphosis, which cannot be oxidised fast 
enough to be removed. 

Directly the least trace of loss of condition begins to be perceived in the 
more weak ly men (who are the tests in this case), the surgeon should advise 
the additional halt, if military exigencies permit. On the halt day the men 

yuld wash themselves and their clothes, and parade, but should not drill. 

Exposure to wet and cold in temperate climates is the great foe of the 
soldier. As long as he is oe harm results; and if at night 
he ee ee can bear, when seasoned, great 

he is exposed at night as well as day, and in war he often 
is so, and never gets dry, the! hardiest men will suffer. i i 
. ° | ab S 


e 


These are incidental to the soldier's life, and can never be altogether 
avoided. But one great boon can he given to him; a waterpsoof sheet, 
which can cover him both day and night, has been found the greatest comfurt 
by those who have tried it. 

The soldier may have to march through malarious regions. The march 
should then be at mid-day in cold regions, in the afternoon in hot. The early 
morning marches of the tropics should be given up for the time ; the deadliest 
time for the malaria is at and soon after sunrise. If a specially deadly narrow 
district has to be got through, such asa Terai, at the foot of hills, a single 
long march should be ordered ; a thoroughly good meal, with wine, should be 
taken before starting, and if it can be done, a dose of quinine. If the troops 
must halt] a night in such a district, every man should take five grains of 
quinine. Tents should be pitched in accordance with the rules laid down in 
the chapter on Camps, and the men should not leave them till the sun is well 
up in the heavens. 

* Yellow fever or cholera may break out. The rules in both cages are the 
game. At once leave the line of march ; take a short march at right angles 
to the wind ; separate the sick men, and place the hospital tent to leeward ; 
let every evacuation and vomited matter be at once buried and covered with 
earth, and employ natives (if in India) to do this constantly, with a serjeant 
to superintend. Let every duty-man who goes twice to the rear in six hours 
report himself, and, if the disease be cholera, distribute pills of acetate of lead 
and opium to all the non-commissioned officers. Directly a man who 
becomes choleraic has used a latrine, either abandon it, or cover it with earth 
and lime if it can be procured. If there is carbolic acid or chloride of zino, 
or lime or sulphate of iron or zinc at hand, add some to every stool or vomit. 

In two days, whether the cholera has stopped or not, move two miles ; take 
care in the old camp to cover everything, so that it may not prove a focus of 
disease for others. The drinking water should be constantly looked to. A 
regiment should never follow one which carries cholera; it should avoid 
towns where cholera prevails; if it iteelf carries cholera, the men should not 
be allowed to enter towns. I know one instance (and many are known in 
India) where cholera was in this way introduced into a town. 

The men may suffer from insolation. This will generally be under three 
conditions.* Excessive solar heat in men unaccustomed to it and wrongly 

as in the case of the 98th in the first China war, when the men 
having just landed from a six months’ voyage, and being buttoned uP and 
wearing stocks, fell in numbers during the first short march. A friend who 
followed with the rearguard informed me that the men fell on their faces as 
if struck by lightning; on running up and turning them over, he found 
many of them already dead. They no doubt, struggled on to the last 
moment. This seems to be intense asphyxia, with sudden failure of the 
heart-action, and is the “ cardiac variety ” of Morehead. 

A dress to allow perfectly free respiration (freedom from pressure on chest 
and neck), and protection of the head and spine from the sun, will generally 
prevent this form. The head-drees may be wetted from time to time; 8 
eee in the crown of the cap is useful. haley Vag lucereapery 
occurred, cold effusion, artificial respiration, ammonia, and hot brandy an 
water to act on the heart, seam the best measures, Bleeding is hurtful ; 
perhaps fstal Cold affusion must not be pushed to excess. 


$ 





* Of courte I do here into the this affection. For this I refer ta the 
grec, rset Mreiond at Martin nod Kite sd Maciesn lok at bom 0 ia}, 
point * % Pe aed 
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sod och abe day an cight and toe sioephere i ail, ead pechape mat 
out oft, day and night, is moi 
00 that sviboation te lessened, or the air is vitiated. If much exertion is 
taken, the freest perspiration is then necessary to keep down the heat of the 
bedy ; if anything checks this, and the skin dry, a certain amount of 
pyrexia occurs ; }sermag gga Damage ; the eyes get congested ; 
there is a —— ire to micturate (Longmore), and gradpal or sudden 
coma, with ps convulsions and] stertor, comes on, even sometimes when 
& man is lying quiet in his tent. The causes of the interruption to perspire 
tion are not known; it may be that the skin is acted upon in some way by 
the heat, and from being over-stimulated, at last becomes inactive. 

In this form cold affusion, ice to the head, and ice taken by the mouth, are 
the best remedies; perhaps even ice water by the rectum might be tried, 
Stimulants are hurtful The exact pathology of this form of insolation is 
uncertain. It is the cerebro-spinal variety of Morehead. 

Tn a third form a man is exposed to a hot land-wind ; perhaps, as many ‘ 
have been, from lying drunk without cover. When brought in, there is 
generally complete coma with dilated pupils, and a very darkly flushed face. 
After death the most striking point is the enormous congestion of the lungs, 
which is also marked, though less so, in the other varieties, Although I 
have dissected men in a very large number of diseases both in India and 
England, I have never seen anything like the enormous congestion I have 
observed in two or three cases of this kind. 

As prevention of all forma, the following points should be attended to :— 
Suitable clothing; plenty of cold drinking water (Crawford) ; ventilation : 

uction in buildings of currents of air; bathing; avoidance of spirits ; 
er of exertion demanded from the men. 


Duty of Medical Oficers during Marches. 
General Duties on Marches in India or the Golonies.—-Before commencing 
the march, order all men with sore feet to report themselves. See that all 
the men have their proper kita, neither more nor lees, Every man should be 
siberey bebe a lege le hold not ra apc a = Pra 2a halting- 
grounds, if possible; see that they are perfectly clean, an t everything is 
ready for the men. In India, on some of the trunk roads there are regular 
halting-grounda set apart. The conservancy of these should be very carefull 
looked to, else they become nething but foci for disseminating disease. 
there are no such places, halting-grounds are selected. It should be a rule 
never to oocupy an encamping ground previously used by another corps if it 
ean be avoided ; ip (ae to all cases. Select a position to windward of 
such an old camp, and keep as far as possible from i. The encampment 
the transport department, elephanta, camela, bullock carts, d&e., must be looked 
‘to,~-they often are very dirty: keep them to leeward of the camp, not too 
near, and see especially that there is no chance of their contaminating streams 
supplying drinking water. If the encampment is on the banks of a stream, 
the proper place for the native camp and bazaar will always be lower down 
the stream. The junior medical officer, if he can be spared, should be sont 
forward for this purpose with a combatant officer. Adviso on length 
marches, halts, dic., and draw up a set of plain rales to be promulgated 
the commanding officer, directing the men how to manageon the march 
exposed to great heat or cold, or to long-continued exertion, how fo 
Ch asaeeinathataeeadnemmmmmmeaemnacnnmemree aesanataen anemia mana eitieretioeniinnemenemen tina nnian aco semester eae near eene enema emaninanana -emaenenae eae een ene) 
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water, clean their clothes, dis. oe ee 
are made for two or three dsys at a time, write a ect of instymetions for 
ventilating and cleaning tants, regulation of latrines, de. 

Special Duties for the March tteclf.—Inspect the baaktinl oe acdeaing 
refreshment ; see that the men get their coffee, dc. On no account allow a 
morning dram, either in malerious or elsewhere. Inspect the water- 
cask, and see them properly so that the men may be supplied ; 
Enapect aome of tho men, to see that’ the water-bottlos are full March in 
rear of the regiment so as to pick up all the men that fall out, and order men 
who cannot march to be carried in waggons, dhoolies, d&c., or to be relieved 
of their packa, &. If there are two medical officera, the senior should be in 
rear; if a regiment marches in divisions, the senior is oggered to be with the 
last. When men are ordered either to be carried or to have their packs ¢arried, 
tickets should be given specifying the length of time they are to be carried. 
These tickets should be prepared before the march, so that nothing has to be 
done buf to fill in the man’s name, and the length he is to be carried. 

Special orders should be given that, at the halt, or at the end of the day's 
march, the heated men should not uncover themselves. They should take off 
their pack and belts, but keep on the clothes, and, if very pre should put on 
their greatcoata. The reason of this (viz, the great danger of chill after exer 
rig should be ps secengar — ae an gene sen ie end of the march 

men should c eir underclothing, an the wet things up to 
rl ; when dry sey Seoala be shaken well, and put, by for the following aay 
ome officers, however, prefer that their men should at once change their 
eee and put on dry things. This is certainly more comfortable. But, at 
any rate, exposure must be prevented. 

It will be found that old soldiers eat very little while on the march ; the 

meal is taken at the end. 

At the end of the march pea the footeore men. Footsoreness is 
generally a great ring? igageie uently arises from faulty boots, undue 
pressure, chafing, riding narrow solea, &c. Rubbing the feet 
with tallow, or oil or te any ‘ind, * before marching, is a common remedy. 
In the late war the Germans found tannin very useful,—they used an ointment 
of one part of tannin to twenty parte of xinc ointment. eat aim ae 
the feet in very hot water, before starting, for a minute or two 

quite dry, then rub them with aoe (soft soap is the best) ell doses a 
lather ; then = on the stocking. Atthe end of the day, if the feet are #0re, 
they ehould be. wiped with s wet cloth, and rubbed with tallow and spirits 
mixed in the palm of the hand (Galton). samp mister 
and water at night, and add a little alum. Sometimes the soreness is owing 
manly © 8 ved Seeking this is easily remedied, Stockings should be 
frequently waahed ; than gressed. Some of the German troops use no stock- 
ee ee oe oe This is a very good plan. Very 

often soreness is owing to neglected corns, bunions, or in-growing nails, and 
hp wuxgeon must not despise the little surgery necessary to remedy these 
ings ting, 2 oe te lms He tS ecntson As 
shoos are often to blame for sore feot, it do ibe oo pane 
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At the long halt, if thete is plenty. of water, the shoes. and ‘stockitigs shoug 
be taken off and the feet well washed ; even wipitig with s wettowel is very 
refreshing, ‘The feet should always be washed at the end of the march. 

Occasionally men are much annoyed with chafing between the nates or inside 
of the thighs. Sometimes this is simply owing to the clothes, but sometimes 
to the actual chafing of the parts. _ Powders are said to be the best—flour, 
oxide of zine, and above all, it is said, fuller’s earth. 

If blisters form on the feet, the men should be directed not to open them 
during the march, but at the end of the time to draw a needle and thread 
through ; the fluid gradually oozes out. 

All footsore men should be ordered to report themselves at once. 

Sprains are best treated with rags dipped in cold water, or cold spirit and 
water with nitre, and bound tolerably tight round the part. Rest is often 
impossible. Hot fomentations, when procurable, will relieve pain.* 

Marches, especially if hurried, sometimes lead men to neglect their bowels, — 
and some trouble occurs in this way. As a rule, it is desirable to avoid 
purgative medicines on the line of march, but this cannot always be done ; 
they should, however, be as mild as possible. 

Robert Jackson strongly advised the use of vinegar and water as a refresh- 
ing beverage, having probably taken this idea from the Romans, who made 
Vinegar one of the necessaries of the soldier. It was probably used by them 
- an anti-scorbutic ; whether it is very refreshing to a fatigued man, I do not 

now. 

There is only one occasion when spirits should be issued on the march : 
this is on forced marches, near the end of the time, when the exhaustion is 
great. A little spirit, in a large quantity of hot water, may then be useful, 
but it should only be used on great emergency. Warm beer or tea is also 
good ; the warmth seems an important point. Ranald Martin tells us that in 
the most severe work in Burmah, in the hot months of April and May, and in 
the hot hours of the day, warm tea was the most refreshing beverage. This I 
found also from my own experience. Several friends have told me that both 
in India, and in bush travelling in Australia, there was ‘nothing so reviving 
as warm tea. Chevers mentions that the juice of the country onion is useful 
in lessening thirst during marches in India, and that, in cases of, sun-stroke, 
the natives use the juice of the unripe mangoe mixed with salt. 

Music on the march is very invigorating to tired men. Singing should 
also be encouraged as much as possible. 

Marching in India.—Marchos take place in the cool season (November to 
February), and not in the hot or rainy seasons, except on emergency ; yet 
marches have been made in hot weather without harm, when care is taken. 
They are conducted much in the same way as in cold countries, except that 
the very early morning is usually chosen. The men are roused at half-pest 
two or three, and parade half an hour later ; the tents are strack, and carried 
on by the tent-bearers ; coffee is served out, and the men march off by half- 
‘aerated four, and end at half-past seven. Eyerything is ready at the 

ting-ground, tents are pitched, and breakfast is 

These very early marches are strongly slvooted tv many, and are opposed 
almost as strongly by some. In the West Indies, marching in the sun has 
always been more common than in the East. Much must depend on the 
locality, and the prevalence and time of hot land winds. Both in Indis and 
Algeria marches have been made at night ; the evidence of the effects of this 
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is discordant. The French have generally found it did not answer; men bear 
fatigue leas well at night; and it is stated that the admissions into hospital 
have always increased among the French after night marching, y's 
authority is also aguinst night marching in India, Qn the other hand, I 
have been informed that in India the march through the cool moon-tight 
night has been found both pleasant and healthy. 

Afternoon marches (commencing about two i before sunset) have been 
tried in Indie, and, I believe, often with very good results. 

Marching in Canada.—In 1814, during the war with America ; in 1837, 
during the rebellion ; and, in 1861-62, during the “Trent” excitement, 
winter. marches were made by the troops, in all cases without lose, The 
following winter clothing was issued at home :—~A sealskin cap with ear 
lappets ; @ woollen comforter; two woollen jerseys; two pairs woollen 
drawers ; a chamois leathern vest with arms ; two pairs long woollen stockings 
to draw over the boots ; sealskin mits, and a pair of jackboots, In Canada a 
pair of blankets and moccasins were added,* and, at the long halts, weak hot 
rum and water was served out. A quarter of a pound of meat was added to 
the ration, A hot meal was given before starting, another at mid-day, and 
another at night. The troops were extremely healthy. During exposure to 
cold, spirita must be avoided ; hot coffee, tea, ginger tea, or hot weak wine 
and water, are the best; it is » good plan to rub the hands, feet, face, and 
neck with oil; it appears to lessen thevradiation of heat and the cooling effect 
of winds. 


* See Inspector.General Muir's Report—Army Medical Report, vol. iv. p. 878 





CHAPTER IIL 
THE EFFECTS OF MILITARY SERVICE. 


Tax influence of the various conditions of military life is shown by the 
records of sickness and mortality, and this must be noted in the various 
atations. 

The recruit having entered the ranks, begins his service at home, and he is 
kept at his dep6t for some time. He does not go to India until he has com- ° 

leted his twentieth year, although he may take other foreign service earlier. 
We should suppose his life would be a healthy one. It is a muscular, and, 
to a certain extent, an open-air life, yet without great exposure or excessive 
labour ; the food is good (though there might be some improvement), the 
lodging is now becoming excellent, and the principles of sanitation of dwell- 
ings are carefully practised. Although the mode of clothing might be im- 
proved as regards pressure, still the material is very good. There is a freedom 
from the pecuniary anxiety which often presses so hardly on the civil artisan, 
and in illness the soldier receives more immediate and greater care than is 
usual in the class from which he comes. 

There are some counterbalancing considerations. In a barrack, there is 
great compression of the population, and beyond a doubt the soldier has 

tly suffered, and even now suffers, from the foul air of barrack rooms, 

ut this is a danger greatly lessening, owing to the exertions of the Barrack 

Improvement Commissioners, and, as is proved by the experience of some con- 
vict jails, can be altogether avoided. 

Among the duties of the soldier is some amount of night-work ; it is certain 
that this is a serious strain, and the Sanitary Commissioners, therefore, 
inserted in the Medical Regulations an order that the number of nights in bed 
should be carefully reported by medical officers, Commanding officers should 
be informed how seriously the guard and sentry duties, conducted as they are 
in full dress, tell on the men if they are too frequent ; one guard-day in five 
is quite often enough, and four nights in bed should be secured to the men. 
Exposure during guard and transition of temperature on passing from the hot 
air of the guard-room to the outside air are also causes of disease. The 
weights and accoutrements are heavy, but the valise equipment introduced by 
General Eyre’s Committee has removed the evil of the old knapeeck. 

The habite of the soldier are unfavourable to health ; in the infantry, 
especially, he has much spare time on his hands, and ennet preases on him. 
Hnavi is, in fact, the great bane of armies; though it is lees in our own than 
in many others. It is eaid to weigh heavily on the German, the Russian, and 
even on the French army. Hence, indeed, part of the restlesaness, and one 
of the dangers of large standing armies, The Romans appear to have avoided 
marriage and settlement—in fact, by converting ee oe i 
wee 2a pee eee oe 2 en ial and 
ennut, the parents of all evils, load the soldier into habits wipiet amp bi 
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need. 

he chant of trades, especially, which will not only interest the 
soldier, bat benefit him pecuniarily, is a matter of great importance. It has 
long been asked why an army should not do all its own work; give the men 
the hope and opportunity of agers themselves, and ennut would no longer 
exist. In India, Lord Strathnairn did most essential service by the establish- 
ment of trades ; and the system, after long discussion and many reports, is 
now being tried in England. | 

One of the proofs of ability for command and administration is the power 
of occupying men, not in routine, but in interesting and pleasant work, to 
guch an extent that rest and idleness may be welcomed as a change, not 
felt as a burden. Constant mental and much bodily movement is a necessity 
for all men ; it is for the officers to give to their men an impulse in the 
proper direction. 

Among the conditions of the soldier's life adverse to health, enforced celibacy 
must be reckoned. This produces not merely promiscuous intercourse, that 
terrible evil, but other effects. We do not require the statistical proof that 
both in the army and civil life married. men have leas illness and longer lives 
than single men ; we might be certain, a priori, that the great function of 
procreation cannot be thus endangered by the conditions we impose on our 
soldiers-without injury. Thc continental system of conscription for limited 
periods has prevented this matter from assuming the importance it does in 
armies enlisted for long or permanent service. For our own army the question 
is pressing enough, nor is it easy to offer a solution, unless the system of short 
service is found to have a good effect. 

The last point which, probably, makes the soldier's life less healthy than it 
would otherwise“be, is the depressing moral effect of sevére and harassing dis. 
cipline. In our own army in former years, it is impossible to doubt that dis- 
cipline was not merely unnecessarily severe, but was absolutely savage. An 
enlightened public opinion has gradually altered this, and with good com- 
manding officers, the discipline of some regiments is probably nearly perfect ; 
that is to say, regular, systematic, and unfailing ; but from ite very justice 
and regularity, and from ite judiciousness, not felt as irkeome and oppressive 
by the men. 

Ths general result of the life at home on soldiers must now be considered. 

It is by no means easy to say whether soldiers enjoy as vigorous health as 
the classes from which they are drawn ; the comparison of the number of sick, 
or of days’ work lost by ilineas by artisans, cannot be made, as soldiers often 
go into ital for slight ailments which will not cause an artisan to give up 
work. The comparative amount of mortality seems the only available test, 
though it cannot be considered e very one. 

Following the order lnid down in the chapter on Statics, we have to 
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: It is to be understood that the mortality is henj reckoned on the strengths, 
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that is, on ‘the total:-mumber of healthy and sick: persone. aétmally 
during the time... The mortality on the sick alone is enother matter, (7: 


which imcinds the years 826-1846), we find that the mortality among ‘ 
cavalry of the line was at that time about 4d more than among the civil’ 


—— at the same age (nearly es 15 to 10* per 1000) ; among the Foot 
Guards it was more than double (very nearly ab} per 1000 as pa 10); 
among the infantry of the line it was {ths more (or 18 per 1000 as against 10), 
The State was thus losing a large body of men annually in excess of whaj 
would have been the case had there been no army, and was therefore not only 
suffering » loss, but incurring a heavy responsibility. 

In thé splendid men of the Household Brigade, diseases of the lungs 
(including phthisis) accounted for no less than 67°7 per cent. of the deaths, 
in the cavalry of the line for nearly 50 per cent., and in the infantry of the 
line for 57 per cent. ; while among the civil population of the soldier's 
the proportion in all England and Wales was only 44°5 per cent. of the total 
deaths. The next chief causes of deaths were fevers, which accounted in the 
different arms of the service for from 7 to 14 per cent. of the total deaths 
The remainder of the causes of deaths were made up of smaller itema. 

These remarkable results were not peculiar to the English Army. Most 

armies did, some still do, lose more than the male civil population at the 
same age, The following are the moat reliable statisics :—+ 


Army Loss Army Loss 

Per 1000, ‘ Per 1000. 
France (1828), e ° ® . 283 Prussian g (1867), Py e e 6°54 
France (Paixhans, 1846), . . 19°9 | Russian|j(seriesof years), . . 89 
France, mean of 7 years (1862-68), 10:0 » (1857-1866), ~  « 187 
France (1869), . ; * - 9°55 | Austrian, . ; P j - 28 
France (1872), _. ; ‘ . 9°49 oa (1869), . , ; » 11°58 
French in Algeria (1846), . . 64 Piedmontese (1859), . - 16 

. 1498 | Italian (1870), . . 8°40 


99 29 (1862 6 ’ e . 

Prussian ¢ (1846-1868, excluding 9°49 United States (before the wur), 
0 cers 9 i) e e e e 

Prussian (1869), . ‘ ‘ - 6 

Prussian army (including the Saxon 4°08 


- 188 
ire aa (1851-53),.. . . 165 
Dani e e ’ mY e e 9°5 
and Wiirtemberg corps (1876), . 


The old Hanoverian army was very healthy, losing only 5°3 per 1000 as 
against 9°5 among the civil population of the same ages. 

In these foreign armies the same rule holds good; fevers (chiefly typhoid 
in all probability) and phthisis were the great causes of mortality. In Prussia 
phthisis formerly caused 27 per cent. of the total mortality, but in that army 
phthisical men are sent home, and after a certain time are struck off the rolls, 
so that the army deaths are thus fewer than they would be if the men died at 
their regiments. In Austria phthisis caused 25 deaths out of every 100; in 
France, 22°9 ;i while in 1859, the proportion among the civil population was 
17°76; in Hanover, 39°4; and in Belgium, 30 ; though in the latter country 
the proportion among the civil population was only 18°97 deaths from 


* In reality the deaths from the civil male population of the soldiers’ (20 to 40) were 
‘below tli anbay Nasal shet rw peas w; the case against the alder Ia, thenatore 8, 


even woree than in the text. 
+ Meyne de Stat. Méd. Militaire, 1850) gives some of these figures; others are 
taken from rn ee 
Dr 1, in ae ma rege ag . Sept. 1865, p, 214. 
Stat. tiber die Kon. Pr. Armee, for 1 1870, W deaths of 
invalids the was only 6°196. The wen were eli uncer thirty years of age, which must 


be taken into ; 
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23 per cent. of the deathe.* while in the civil population the death 
ate: 13 per cent. of the total deatia. In the. Prussian army in 1876 only. 16 . 
per cent. were from phthisis, In these armive, also, fevers caused a greater 
number of the deaths than in the English army, even in the period referred 
to. In Prussia, 36 (reduced in 1876 to 20); in France, 26 ;+ in Belgium, 16-6; 
and in Hanover, 23°68 per cent. of sll deaths were from fever (typhoid). 
In Portugal only 3°9 deaths are from typhoid out of every 100 deethe ; this 
is owing to ite rarity in the country districte ; it ig common in Lisbon. 

Nothing.can prove more clearly that in all these armies the same causes 
were in action, And from what has been said in previous chapters, it may 
be concluded that the reason of the predominance of these two claases, lung 
diseases and typhoid fever, must be sought in the impure barreck air, and in 
the defective removal of excreta. 

The Crimean war commenced in 1854, and ended in 1856. A large part 
- of the army was destroyed, and a fresh force of younger men took ite plave, 

Soon afterwards, the great sanitary reforms of Lord Herbert commenced. In 

1859 yearly statistical returns began to be published. . 


The mortality of all arms has undergone an extraordinary decrease from that 
of the former period. : 


Mortality per 1000 per Annum. 
From all Causes. soos wileny demi, 
Mean of ten years, 1861-70, . 9°45 8-534 
1871, ; ‘ F 8°62 7800 
1875, ; : ; 9°36 8-440 
1876, ; j ‘ 8-43 


The diminution over the years previously noted (1826-46) is extraordinary. 
Three causes only can be assigned for it——the youth of the army, and a better 
selection of men; or a partial removal of the causes of diseases ; or earlier 
invaliding, and the action of the Limited Enlistment Act, so as to throw the 
fatal cases on the civil population. 

The question of age has been examined and disposed of by Dr Balfour, { 
who has shown that the youth of the army does not account for the lessening. 
Selection has always been made with equal care, and invaliding, though it 
certainly has been greater of late years, does not appear to have been in excess 
sufficient to account for the lessening. There can be no doubt, then, that the 
great result of halving the yearly loss of the army by disease has been the 
work of Lord Herbert and the Royal Sanitary Commission. 

It will be observed that the diminution in the mortality in the French army 
has also singularly lessened from 1846 to 1862 and 1863, and this is, no 
doubt, owing to the great sanitary precautions now taken in that army. 

It is curious to observe that in the French and English armies the mortality 
is now almost the same, viz, about 95 per 1000 present with the colours ; it 
is slightly the lower in the English. Prussian was about the same, but 
is now much less, owing probably to the youth of the army. 

Of the different arms of the service, the cavalry and arti are rather 
healthier than the infantry; the engineers than either; the officers always 

id err reviewed in an excellent article in the British and Foreign Medico-Chir. Review 
for 
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show less mortality than the non-conimissioned officers and privates, and the 
non-commissioned officers less renal ise In differerit regiments there 


is often a singular difference in the mortality in a given year, but this is usually 
easily accounted for, and in a term of years the differences disappear. : 
Comparison with Civil Population. 
: tte ee now be compared with that of the civil popula- 
ion. England the gross male civil mortality at the soldier's age is—* 
| Mortallty per 1000 of 
From 20 to 25 years of age, . , ; eo. <e ‘ 8°83 
25 to 35 5 ‘ . : . ; . 9-57 
35 to 45 99 12°48 


The soldier’s mortality, taken as a whole, is therefore not above that of the 
civil population, but then there is invaliding, and some uncertain addition 
should be made to the mortality on this account, 

Comparing the soldier's mortality (invaliding being disregarded) with trades, 
he ia rather more unhealthy than ters (7°77), labourers (7°92), bakers 
(7:94), blacksmiths (8°36), grocers (8°4), farmers (8°56), weavers and cotton- 
spinners (9°1), and _shoemakers (9°33).f But he is healthier than butchers 
(9°62), miners (9°96), tailors (11°62), and publicans (13-02). 


Influence of Age on the Mortality. 
The following table from Dr Balfour gives the results, excluding the 


depts :— 
Per 1000 of Strength. 


Under 20, ante 3. arty 0 Bh 35 ader 40: eenras 
1865-74 (10 years), 3°03 5°27 6°35 12°24 17°55 23°82 
1875, . ; . 358 4°40 868 10°82 17°24 22°20 
Civil male popula- 
tion in England } 7°41 8:2 9-21 10°23 11°63 13°55 
and Wales, 
Healthy districts, 5°83 73 793 8:36 9°00 9°86 


The number of soldiers under 20 years of age is 80 smal] that no conclusions 
can be drawn ; but it would appear that from 20 to 30 the mortality is favour- 
able to the soldier, but after that the ek args is reversed, and the soldier 
dies more rapidly than the civilian. And if to this we call to mind the in- 
validing from the army, it seems clear that a prolonged military career is 
decidedly injurious, either from causes proper to the career, or to personal habite 
engendered in it. 

Causes of Mortality, 


In order to see the principal causes of the eight or nine deaths which occur 
annually among 1000 men, I have calculated the following table from Dr 
Balfour's most useful Reports -— 


* In France, in 2066, the mortality was— | 
$0 to so 2 « & &, fo3 = * 
om , whe s ph - — ; . ‘ 
ear was however, s choleraic year, Ss ; 
Sith Report of the Raylatrar-Genteal, px xvi 


















Deathain 300 |}. 
Deaths (1872-76, 
4 years). 
Phthisis and tuber- 
cular hsemoptysia, . 28°0 
Diseases of heart and 
veasela, i OE 16°7 
Pneumonia, . + 
Violent deatha, 63 
Diseases of nervous 8-7 
system, . . 
Continued fevers, re 
chiefly enteric, 4 
Suicides, ; 2°5 
Bronchitis, + 
1 Delirium tremens, . + 
All other causes, 21°'3 


1. Tubercular Diseases, 


The deaths from phthisis and hemoptysis in the eight years ending 1866 
averaged 3°] annually per 1000 of strength, the highest annual ratio being 
3°86, and the lowest 1°95. In 1867-71 the mean mortality was 2:648 per 
1000, in 1872-75, 2°34. In addition to this there was invaliding for 
phthisis, and thus a certain number of deaths were transferred from the army 
to the civil population. The following table shows the exact number in four 
branches of the service (two cavalry and two infantry) in seven years, 


Taste to show the Deaths and Invaliding per annum from Phthisie anil 
Hemoptysis in Household Cavalry, Cavalry of the Line, the Foot Guards 
and Infantry of the Line (mean of seven yeara, (1864-70). 


Phthiats and hemoptysis, 
taken from Abstract inj Household Cavalry of Foot Infantry of 
Leet to Dr Balfour's Cavairy. Line. Guarda. Line, 
epo 
“ AEE GREETS IEE IESE I II IL ETI EE IEL IL TET TL OT ET LOT Sea RRL RRR cette SET AEE MEIGS | inn RRR Ra amen aA ts NOTES SE Te 








Died per 1000, _ 3°703 1°416 2°300 2120 
bars Lael et 8°284 4°025 9°491 5°510 
tal died and in- : ‘ : 

Hided per 1000, 11°997 §°441 11791 7°630 





This table shows a considerable difference between the branches of the 
service ; the mortality and invaliding of the household troops are much the 
highest, The mortality from tuberculosis of the infantry of the line is below 
the mean mortality of the army at large ; the mortality of the cavalry of the 
line below that of the infantry. 

It is quite clear (and the same thing is seen in the earliest records) that 
there is an excessive rate of mortality and invaliding from phthisis in the 
regiments serving in London, which pointe to some influences acting pn 
injuriously ppon them. During the later years, however, the mortality anc 
Lenrrepenerevnrylincensieetatpeieiaamnptadeasaseare sSNA AAG AED TCLS CCS LITA TDC ITE SEEPS CTE LOLA ANDALITE 

® calculated from the numbers in A of Dr Balfour's Report. 
tn the Army Med. Dopertnent Bion Bonk (859-71), trom ‘the ata aber 
“"f The abridged form in which the statistics have been prblished since 1874 prevents these. 
musbers : ; detail, The number of desths: respiratory diseases would Ne 
saber So a aga 
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invaliding in the foot guards has decreased. In the four years ending with 
1870, the mortality was only 2°08, and the invaliding 8:213 per 1000; that 
the improvement has continued may be seen by the following table:— 


Table similar to one on page 609, for 5 years, 1871-75. 






Househol Cavalry of Infantry of 
Phthisis, de. Cavalry Line. Line, 


valry. 1873-78. 
Died por 1000, . | 3-644 2096 | 3-990 
Invalided per 1000, | 3°862 4732 | 8-237 
Total died and in-}} 7.g9g 6-828 | 12-287 


valided per 1000, 


From this table it may be seen that an improvement is decidedly taking 
place, except in the cavalry of the line and the depts, there being a slight 
increase in the former and a very high and increasing rate in the latter. 

How does this mortality compare with that of the male civil population at 
the soldiers’ ages 1 


Mortality from Phthisie. 
Male Civilfans.* Age. 

All England and Wales, ‘ ‘ 20 to 25 35 
e be tak 25 ,, 30 40 
= “5 : : 30 ,, 35 4°} 
55 ‘3 ‘ ‘ 35 ,, 40 4°1 
5 + : : 15 ,, 55 37 
‘3 re ; ; 25 ,, 45 4:03 

London, : : ; , ; 15 ,, 55 45 

Worst districts in England, excluding hospitals, 5-0 

Best districts in England, . ‘ ’ , 1-96 


The deaths in the army from phthisis and hemoptysis do not exceed the 
deaths in the population generally. They are, however, much greater than in 
the best districts in England, though fewer than in the worst. But in the 
army there is invaliding also ; that is, men with a fatal disease are dise 
into the civil population. Taking this into consideration, as expressed in the 
table just given, it seems certain that phthisical disease is in excess in the 
army as compared with the male civil population. 

Did the army suffer more from phthisis in former years than it does now 1? 
The following table will answer this question :— 


Deaths from Phthisis per 1000 of Strength. 


a7 =m 
Household Cavalry, . . . 74 628 
Cavalry ofthe Lin, . «ww DY 5-65 
Foot Guards, . , ; ; . 108 119 
Infantry, Se ws mw -s uy See 7°15 
Mean, . . F838 789 


During these two periods, which make a total of seventeen years, the 
mortality was 7°86 per 1000, and there was no decline in the later as com- 
pared with the earlier period. : | | | 

~ Pasitsmentars Hebirn of Anxeel Average Mortal during the Decennial Period, 

Feb. 1664; and Fan's Ropart to the Senitary Goualasione p. 207 os iactiand 
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But as in the eight years ending with 1866 the mortality was only $'1 
1000, there must have been an enormous excess of mortality in the earlier 
period, unless it can be explained in some way.* 

(a) In the earlier periods the mortality from chronic bronchitis was included 
in the phthisical mortality. If a correction is made for this, the mortality of 
the period 1859-1866 rises only to 3°3 ; so that will not explain the difference, 

(6) Was the invaliding more active in the last period, 80 as to lessen the 
deaths occurring in the army below what would have taken place without 
invaliding 1 I have not been able to learn the amount of invaliding in the 
earlier period, but I have been told there is no reason to think it was less than 
subsequently, but, on the contrary, it was very large from the foot guards, 
That invaliding cannot account for the difference is seen by the fact that the 
annual deaths per 1000 in the seventeen years ending 1846 (viz., 7°86) were 
more numerous (in the cavalry and infantry of the line) than deaths and in- 
vuliding together in the period of five years ending 1871. 

(c) The Limited Enlistment Act, by which a certain number of weakly men 
may possibly have left the army, has been in action in the last period. I 
cannot estimate the amount of this action, but it is in the highest degree im- 
probable that it has much direct effect; for if a man of nearly ten years’ 
service were ill with phthisis, he would be sure to get invalided, in order to 
enjoy his temporary pension for two or three years, and would not simply 
take his discharge. 

(2) The lessened age of the army at large, if the Limited Enlistment Act 
has produced that effect, might perhaps have had some effect, as mortality 
from phthisis increases with age in the French army, and probably in our own ; 
but this would never account for the astonishing difference ; for in the French 
army the increase from phthisis of the men over fourteen years’ service, as 
compared with those under, is only one per 1000 of strength, 

I concluda, then, that there was a greater excess of the disorganising lung 
diseases classed as phthisis in the earlier period (1830-46). The amount of 
phthisis strongly attracted the attention of Sir Alexander Tulloch and Dr 
Balfour in 1839. They state that in the Equitable Assurance Company at 
that time the annual mortality (at the ages 20 to 40) from diseasa of the lungs 
was 3°4 per 1000; while in the years 1830-36 the mortulity from disease of 
the lungs among the foot guards was no less than 14:1 per 1000, of which 
phthisis alone caused 10°8.+ 

How does our army contrast with others 1 

In France the deaths from phthisis and chronic bronchitis together amount 
to 2°75 per 1000 of “ present,” but some die “ en congé ;" and it is probable 
that there is at present as much phthisis in the French as in our own army. 
In the Prussian army the men are also discharged early, so that comparison 
is difficult. 

In the Prussian army the mean yearly mortality from laryngeal and lung 
phthisis was 1-28 per 1000 of strength (years 1846-63) ; in 1000 deaths 
there were 13°57. I do not know the amount of invaliding. 

We may conclude, then, with regard to phthisis— 

1. That it was formerly in enormous excess in the army over the civil 
population, and particularly in the foot guards; in other words, o large 
amount of consumption was generated. 

a & it was only 2°61 per 1000, 

+ in comatetiarea tiie tact ri reportars say ( O Medical rt of 1889, p. 19}~ 
-"* If the of a mum oC men ove sparta, ven hough the seo is not very 
ooufinad, cracions, tenienty to Chie dinsann, Sa ic enti Points oct i eel ms, t waseaae 

that no other cutee but overcrowding could scevunt for the greet amount of Suny disease, 
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'. 2, That there has been e great decline of late years, though there is still 
in all probability some excess, ge Sees in the household ies oo 

What are the causes of this phthisical excess in the years 1830-46. It is 
noticeable that in the earlier periods all affections of the lungs were also in 
exceas, and we can readily see that s number of antecedents may combine in 
producing the result, and that destructive lung diseases may proceed from 
= causes. Still there must have been some predominating influence at 
Wor. 

The phthisis was not owing to climate, for that is unchanged. Moreover, 
we shall hereafter see that the same excess was seen in the Mediterranean 
stations and the West Indies. 

It was not owing to syphilis, for until late years, the amount of syphilis 
has rather increased than diminished, while phthisis has lessened. —_. 

It was not owing to bad food, for the food was the same in all the branches, 
and yet the amount of phthisis was widely different. Besides, the food has 
been comparatively little altered. 

It can hardly have been the duties or clothing, fof there has been 
no sufficient change in either to account for the alteration, unless the abolition 
of one of the cross-belts some years ago had some effect. But then this would 
have only affected the infantry. 

It must have been some conditions acting more on the foot guards than 
in the household cavalry, and less in the line regiments ; also it must have 
beon acting in the troops stationed in the Mediterranean and the West Indies. 
There is only one condition common to all which seems capable of explaining 
it, and that the cause noticed in the Report of 1839, viz., overcrowding. This 
condition was, and is still most marked in the barracks of the foot guards, 
and least in the barracks of the cavalry of the line. It is the only condition 
which has undergone a very decided change both at home and abroad. This 
consideration, as well as those formerly noticed in the section on Arr, seems 
tome to make it almost certain that the breathing the foul barrack atmosphere 
was the principal, perhaps the only, cause of this great mortality from lung 
diseasces, If this be so, it shows that the foot guards are still the worst 
housed of any troops. 


2. Diseases of the Heart and Vessels. 

The fact that diseases of the circulatory system rank second as causes of 
death in the army at home may well surprise us. It is marked in all arms, 
as much in the artillery and cavalry as in the infantry. Tho ratio per 1000 
of strength for the five years (1867-71) for all diseases of the organs of 
circulation was 1°462, and in those years out of every 100 deaths no less than 
16-7 wore from disease of the hoart and vessels. In addition, there was a large 
amount of invaliding from this cause. 

If the fatal diseases of the circulatory system of the five years (1867—71)* 
are divided into two classes, those referred to some disease of the heart itself 
(chiefly chronic), and those referred to aneurism (including an occasional rare 
return headed “ Degencratio Aortw"), it is found that the deaths aro :-— 


Per 1000 of Strength, Deatha 
From cardiac disease, : ; . 727 oe 7 "831 
From ancurism, - a 14 ‘735 84 

Tod, . . . 14680Ct«i«sé‘«iTSCC 


‘These numbers are higher than those of the pine years (1859-67), when 


"a Yn the coconut relarne the differential diagnosis t bot given, Tn 1676 the dentin uc 3000, 
feoan disetce of the clroulstory ayetem, wore 1°87, and the yerventage of total dentin tf-aa” 
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the mortality from circulatory diseases was only ‘908 per 1000 of strength, and 
the ntage on the total deaths was 9. . je | 

This mortality is in excess of that of the civil male population of the same 
age, especially as regards ancurism. Dr Lawson has calculated that aneuriam 
is eleven times more frequent among soldiers than civilians ; and he has aleo 
calculated that amony civilians, aged 15 to 44, the ratio of mortality from 
cardiac affections alone is -45 per 1000. The army, then, in the years 1867- 
71, had an excess of -277 per 1000 of heart disease, Myurs’ statistics are 
confirmatory The amount of heart disease is greater among the foot guards 
than among the metropolitan policemen, Myers in his able treatise* gives the 
following numbers :— 


Foot Guards, : : ; 

Police, a 29 1:37 
, _ It is greater among soldiers than sailors; from six years’ observations 
(1860-65) Myerst makes the navy mortality ‘66, and the invaliding 3°44 per 
1000 ; while in the army in the same years the mortality was -9, and tho 

invaliding 5-26. 

If the different arms of the service are taken, the following numbers are 
given by the five years 1867-71 :— 


Died per 1000 Invalided per 1000. 
‘8 3°2 


i 












Cavalry 


Cavalry of of 
“Gan Line. | Artillery. 





Foot 
Guards, 





acortamaiessatan | SMP EEE | cE STRAND | MEISTER ESD 


Mean yearly strength, » « | 1,918 | 8,468 | 9,417 | 6,749 | 81,729 
Total deaths from disease of the 1 Py 67 19 73 
etal douche bern’ saeaileats 

o rom aneurism 

five years, 2 $7 49 20 108 


Heart deaths per 1000 of strength, | ‘181 
Aneurismal deaths per 1000 on 329 
strength, per annum, ; 


"666 |; 1°210 "661 *460 
1041 | "695 "649 


rey ERED y eae etoy 





The numbers in the household cavalry are so small, it is not safe to use 
them ; but the other numbers are sufficiently large to render it probable that 
the artillery show a larger proportion of fatal cardiac and aneurismal cases than 
any other body of troops. The line cavalry and line infantry both show 
rather an excess of aneurismal over heart deaths ; while the artillery show 
more heart than aneurismal deaths, and in the foot guards the proportion is 
equal The point which comes out clearly from the table, in addition to the 
large amount in all, is the excesa of both classes of deaths in the artillery ; that 
it is & real excess is seen by comparing the yearly number of the artillery and 
cavalry of the line who did not differ greatly in mean strength. The produc- 
tion of these diseases of the circulatory organs begins very early in the military 
career, In 1860-62 I calculated out the causes of invaliding in 6856 men. 
Of these 1014 were under two years’ service, In the whole number the per- 
centage of heart and vessel disease as the cause of the invaliding was 7‘7 ; 
among the men under two years’ service it was 14°23 percent. As these men 
had presumably healthy hearts when they enlisted, the effect both of the 
military life in producing diseases of the circulatory organs, and the 

suffering from it of young soldiers, seems certain. The statistics in the 
Kna Committee's Report confirm thin 
cause of this preponderance in the army of diseases of the circulatery 
NN ee rammSan DIENER sumepmeanmmn en cnn ete sera TTTATET Ont S oo eoomenenememmanennme amamanl 
see ae oe Haat emneng Sold, by A,B, A Mywes, Coldeireum Guards London 
' © Diecnses of Heart among Soldiers,p. U1. | Rage oes 
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organs is a matter of great importance, "Whatever they may be, it is probable 
that they produce both the cardiac and the arterial disease, : 

The two most common causes of heart disease in the civil population are 
theumatio fever in young, and renal disease in older persons. The latter 
cause is certainly not acting in the army, and the former appears quite 
insufficient to account for the facta. .A great number of the men who suffer 
from heart and vessel disease have never had acute rheumatism; and if we 
refer the affection to slight attacks of muscular rheumatism, which almost every 
man has, we are certainly going beyond what medical knowledge at present 
warrants. The effect of lung disease in producing cardiac affections is also 
not seen in the army to any extent. 

The influence of syphilis in producing structural changes in the aortic coats 
was noticed by Morgagni. In 114 post mortem examinations of soldiers 
dying at Netley, Dr Davideon* found 22 cases of atheroma of the aorta. Of 
those 17 had a syphilitic history, 1 was doubtful, and 4 had had no syphilis, . 
but had heart and lung diseases, Of the whole 114 cases, 78 had no 
syphilitic history and had 4 cases of atheroma, or 5°1 per cent. ; 28 had a 
marked syphilitic history and 17 had atheroma, or no Jess than 60°7 per cent. 
This seems very strong evidence as to atheroma. With respect, however, to 
actual aneurism, no corresponding analysis of cases has been made, and there- 
fore at present the effect of syphilis must be considered uncertain, but it is 
quite clear, even admitting its influence, there is no reason to think that 
syphilis prevails more among soldiers than among the civil male population 
of the same class. It is, therefore, unlikely that an excess of syphilis, if it 
really occurs among soldiers, and if it actually predisposes to aneurism, as 
seems probable, could produce 11 times as many aneuriems as in civil 
persons, Myers has also given evidence that both in the army and navy 
aneurism is sometimes not preceded by degeneration of the arterial coats, and 
in these cases mere improper exertion seemed to produce it. 

The effect of excessive smoking again has been assigned as a cause of the 
soldier's cardiac disease ; but no one who knows the habits of many con- 
tinental nations, and of some classes among our own, could fora moment 
believe this to be the cause. 

Again, the effects of alcohol in constantly maintaining an excessive action 
of the heart, are so marked as to make it highly probable that this is a fact 
of great importance ; but soldiers do not drink so much, as* compared with 
civilians, as to lead us to think the cause can explain the prevalence. 

There is, however, one cause which is continually acting in the case of 
soldiers, and that is the exertion (often rapid and long continued) which some 
of the duties involve.f The artillery have very heavy work ; often it is very 
violent and sudden, more so perhaps than in any other corps; the cavalry 
also have sudden work at times ; and the infantry soldier, though his usual 
labour is not excessive, is yet sometimes called upon for considerable exertion, 
and that not slowly, or with rests, but with great rapidity. And this exertion 
is in all arms undertaken with a bad arrangement of dress and of equipmenta. 
The cavalry and artillerymen are very tightly clothed, and though the horse 
curries srs gaa ee San undoubted ay hove men are 

ei n the infantry, ti , they wore tight-fitting tunics, 
with collare made close round the Seal cal oases (whi ngage Jb kept 
up by @ tight belt); there was a broad strap weighted below with a heavy 


* Army Medical Department R vol. v. p. 481, ; 

a fall and able discussion } those 3 and for I reber 

rapa ena Seta cle at ie eens Lar 
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pouch and ammunition, crossing and binding down the chest ; and iat waa: | 
the knapsack icting the upper part of the chest, and hindering the air." 


from passing into the proper lobes. 
The auction of Sourt 

kna as is sometimes done ; the knapsack is only one agency ; the crom- 
belé was probably worse, and the tight clothes add their influence. But even 
with the knapsack alone the effect on the pulse is considerable, and one or 
two of my a greet may be given in illustration. Thus, four stro 
soldiers carried the old regulation knapsack, service kit, greatcoat, anil 
canteen, but no pouch and no waist-belt (except in one man). The pulse 
(standing) before marching wae on an average 88 ; after 35 minutes it had 
risen on an average to 105 ; after doubling 500 yards, to 139, and in one of 
the men was 164, irregular and unequal. After the double they were all un- 
fit for further exertion. In a fifth man, who was not strong, the 35 minutes’ 
marching raised the pulse from 120 to 194; after doubling 250 yards ho 
stopped ; the pulse then could absolutely not be felt. In another series, the 
average pulse of four men, with the knapsack only, was 98 (standing), after 
one hour's march, 112 ; after their doubling 500 yards, 141. If the pouch 
with ammunition is added the effect is still greater. I have taken the pulao 
and respirations after long marches, and found the effect stil] more marked. 
Walking, of course, will quicken the pulse and respiration in any man, but 


not to such an extent, and the sense of fatigue in unincumbered men is much less, 


In the lecture, formerly alluded to,* my colleague, Dr Maclean, put this 
matter most forcibly before the authorities, and I believe he is quite justified 
in the expression that one great cause of the cardiac (and perhaps of the aortic 
and pulmonary) disease in the army is to be found in exertion carried on 
under unfavourable conditions, 

Happily, much has been lately done by the authorities to remove this cause ; 
but still, especially in the artillery and mounted service,} changes appear to 
be necessary, and in all arms it is desirable that officers should allow their men 
to do their work under the easiest conditions, as regards clothes, weighta, and 
attitudes, consistent with military discipline and order. 

3. The Nervous Diseases. 

These form a very heterogeneous class: apoplexy, meningitis, paralysis, 
mania, &c., are the chief headings. The proportion to 1600 of stre is 
about 6, and 6°6 deaths of every 100 are owing to nervous diseases. As 
among the male civil population (ages 25 to 35) the deaths are also 6°6 per 
cent. of total deaths, soldiers do not appear to suffer more. 

4, Pneumonia and Acute Bronchitia.$ 
Taiz to show the admissions and deaths per annum per 1000 of 
strength, years 1859-71 (13 years). 





' * Royal United Service Institution Jonrnal, J vol. vill, - 
cardiac diseases 


+ The are of the moat varied I have seen at Netley, in Dr Maclean's 
wards, in one hour in the summer, when the hospital is fall, almost all the combinations of 
heart affections. It has appeared to me that 


anything gives the tendency to heart affections, 





disease ought not to be attributed solely to the. 
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The acute inflammatory diseases of the lungs give, therefore, a mean. annual 
mortality of ‘856 per 1000 of strength: es | 

In the French army pneumonia gives a lower, and acute bronchitis a higher, 
mortality than in our own, but this is perhaps a mere difference of nomen- 
clature, 

The opinion that the military suffer more than the civil population from 
pneumonia is an old one. It is also generally believed that they suffer less in 
the field than in garrison. I have been unable to find statistics that satiafy 
me as to the amount among the civil population. In the European et rar 

y, Ziemasen * gives the deaths from pneumonia as 1‘$ ; and Ocater- 

en,f 1:25 per 1000; but this includes all ages, and both sexes. Among men 

alone it is certainly greater than among women. In London, in 1865, the 

mortality from pneumonia, between the ages 20 and 40 (both sexes), was 1 
per 1000 population. f 

If this bs correct, the mortality among soldiers is below the civil mortality, 
or soldiers are less subject than civilians ; for, as men are more subject to 
pneumonia than women, the mortality among the civilian males would be 
greater than 1 per 1000, but the military mortality is only 641. The 
mortality among the army pneumonic cases (deaths to treated), amounte 
(average of thirteen years) to 12°18 per cent.,§ and as this is very nearly the 
civil proportion, every 1000 of population in London gave nine cases of 
poomnonts while 1000 soldiers gave only five. It may be said, however, that 

ndon is not a fair test ; but as a place of residence far soldiers it does not 
appear to predispose to pneumonia, as will be seen from the following table :-— 

Per 1000 of Strength. 
years 1866-71, 
‘icLondon, Kingdom goneraly. 
Admissions from pneumonia, . 376 6 
Deaths from pneumonia. 3 . ws 44 "66 


The mortality to cases treated in the five years 1867-71 was, in the Guards, 
10°68, and in the infantry, 11°7 per cent. 

Althongh I do not see that pneumonia (end acute bronchitis 3) are more 
common or more fatal among soldiers serving at home than among civilians, 
the above figures show what a fatal disease pneumonia is, and how worthy of 
renewed study its causes are. : 


5. The Class of Continued Fevers, 


The returns do not carefully distinguish the several forms, but practically 
the majority of the fatal cases of “continued fever” are fram enteric 
(typhoid) fever. 

ere has been a great decline in this class of late. In the ten years 
(1837-46) the average admissions were 62, and the deaths 1:72 per 1000 of 
strength. In the eight years ending 1867, the admissions averaged 22, and 
the deaths ‘5 per 1000 of strength. In 1871 there were only 80 cases of 
enteric fever and 22 deaths in the whole army of 87,000 men. In the four 
years ending 1875 the mean total deaths from continued fever were 0°37 per 
1000, and amounted to 4°4 per cent. of the total deaths. 
This mortality is decidedly below that of the male civil population of the 


* Monste-Bi. fir Mod. Stat. 1657, gad Behmidt’s Jahrb. 1862, No. : ns 
Mod. Giatiot, Si edit pe BOT.” | | aaa 
t Vacher. eis Pasta, 1066, p. 187. | ; 
Tn thirteen year were magma o, pach flare hy feacley ape yo cont. 
noe” tp admissions ware only 7° ‘dentha por cent, (average of twelve yeare 
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ar 1000 of population. smcwnia 40 96 per ont of total deaths, and very meaty 1 
l | 
- Drie te van a pale vs been more attended to in the army than 


and good sewerage, and we see the results in this very 
rear Tey oy from the rate of the former period, and in the eae 
this partionlar class of disease the soldier is far better off than the civil 
population. So also the cholera of 1866 passed oa lightly over the army at 
ome (only 13 deaths out of 70,000 men), although in former epidemics the 
army suffered considerably. 
decline of enteric fevers confirms most strongly the doctrine of its in- 


— dependence on bad sewage arrangements. 
The greatest amount of typhoid fevers in the army is in the garrisons in the 
seaporta, the least in the camps. 


The other classes of disease causing mortality need no comment. Chronic 
bronchitis is no doubt to be chiefly referred to aaa (using that term as a 
generic word to include various disorganising cine and delirium 
tremens is a return which will, no doubt, sradtally tise 

The amaller items of mortality, making up 22 out of fay 100 deaths, are 
various ; erysipelas, pyemia, eyphilie, hepatitis (in men from foreign service), 
enteritia, rheumatiam (from heart complication probably, but returned 
as rheumatiam), diabetes, ebriositas, scarlet fever, and diphtheria, are a few of 
the many causes which carry off a small number every year. The cancerous 


a 


and kidney diseases are very few, as we might expect from the age of the men, | 


To sum up the case as regards the present py dearly on home service, it may 
be stated that for the last sixteen years (up to 1875) there has been some 
lessening, bat no great fall in the number of deaths, There is still much to 
be done in respect of preventing disorganising lung disease, disease of the 
circulatory organs, and even fever, for we ought not to be satisfied until the 
term enteric fover ia altogether obliterated. A renewed study of the caunes 
of pneumonia in also necessary, in order to see if some way or other the attacks 
of that fatal disease cannot be lessened. There is no reason to think that we 
have yet touched the lowest possible limit of preventable disease ; but, on the 
contrary, we can sce clearly that the soldier, comparatively healthy as he is, 
may be made more healthy still. Some evidence in support of such a view 
may be found in the fact, that both at Gibraltar and in some of the Weet 
Indian stations the mortality has been lower in some years than it has ever 
been at home, But there is no reason why the home mortality should not 
be reduced to the standard of those foreign stations, 

An important question now arisee—Why, after thirty years of age, should 
the soldier die more rapidly than the civilian, though for the first ten years of 
his service he has a mortality, The causes may be foreign service, 
bad social habite (t.c., excess of drinking and syphilis, or other effects of en- 
forced cali ; nigh’ duty, exposure on guard, and prolonged influence of 
impure air. But to which of these the result ie owing could only be 
determined by accurate statistical inquiries of the causes of mortality at the 
older ages. We do not know these, and it is of no use to discuss a topic on 
which sufficient facts are not available. 


B. Lous or Besar oF rus Anny 37 IxvaLIpine, 


The atsount of invaliding i is influenced by other causes alae 


inpiliciency of the ; sometimes @ reduction is made in the army, and 
opportunity is taken to remove weakly men who who would otherwise’ have 
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continued to serve, This was the case in 1861. As invaliding greatly affects 
the mortality of the army, a source of fallacy is introduced which it is not 
“a to avoid, 
uring the seven years (1860-66), there were invalided every year nearly 

37 men out of every 1000, thus ae a total loss by death and ar poe 
from disease of nearly 46 men per 1000, or about one-twenty-second part of 
the whole force, In 1867 the invaliding was lower, viz, 22°18 per 1000,* 
The causes of the invaliding were very carefully ascertained by Dr Balfour, 
and inserted in his reporta, and the work is sontinied under his successor. 
Speaking in round numbers, phthisis and scrofula account for about one-fourth 

of the invalids, and if chronic bronchitis is included, for nearly seven-twentieths, 
the two items of hypertrophia cordis and morbus valv. cord. account for one- 
tenth and chronic rheumatiem for one-fourteenth. The three nervous diseases 
of amentia, mania, and epilepsy always cause a large number of invalids, 
amounting nearly to one-tenth, or almost the same as the two classes of heart 
diseases. All the other itemsare smaller. In men invalided under one year’s 
service nearly one quarter are so from epilepsy; the remaining chief causes 
are phthisis and diseases of the circulatory organs. It is probable that the loss 
from invaliding will continue to diminish as a consequence of the short 
service system. 


SECTION IL 
LOSS OF SERVICE FROM SICKNESS PER 1000 PER ANNUM. 


(a) Number of Admissions into Hospital.—On an average 1000 soldiers 
elegy Serie under 1000 admissions into hospital per annum ; 833°5 in ten 
1865-74). The number varies in the different arms from about 600 
yo tthe ousehold Cavalry, which is usually the lowest, to about 1100 in the 
Cavalry and Artillery Depéta. In the first case the steady character of the 
men, many of whom are married, and in the second the frequency of con- 
tusions during drill, accounts for this great range. In the Infantry the 
average is from 850 to 1020. In 1875 the highest was 1232 in a battalion 
of the Guards, and the lowest 422 in a line regiment just returned from the 
Cape: the mean was 752. 
The number of admissiona remained tolerably constant for twenty-five 
years, but during late years has been sensibly declining 
The admissions in the French army are not ociiparebile with ours ; slight 
cases of sickness (which with us are often not recorded) are treated in barracks 
(a la chambre), eeverer, but still slight, cases in the infirmaries, bad cases in 
the general hospitals, The mean of five years (1862-66) gives 2028 total 
| an 1866). per rey a erry The oe os the ‘ule $08" in France 
in ‘were per 1000 “present ;” to the 806 ; making a 
total of the severer cases of only 629 per 1000 in ” that year. bereft 
how many slight cases there are in the French army. In the 
(More) the mean number of gh ame in France was 1745 per 1000 
GS). 4 
( In the Prussian army the average admissions (mean of 18 years, 1846-63) 
were 1386. In 1867 there were 1125°6 per 1000. In 1878-75 it was 750, 
and in 1876 only 620 (Roth). 
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(8) Daily number of Sick tn Hospital per 1000 of Strength.— About one- 
twenty-fifth of the army (average of ten years, 1865-74) is constantly sick in 
time of peace, or 4 per cent, 

It is not possible to compare the army sickness with the civil population, 
or even with other armies, 

In England, the number of members of friendly societies, between twenty 
and thirty years of age, who are constantly sick is nearly 16 per 1000. 

In the French army, the mean sick in hospital are 29 per 1000 present; in 
both hospital and infirmary, 50; in the Prussian, 44 (in 1876 only 25-5); in 
the Austrian, 45; in the Belgian (1859), 54°2; in the Portugese (1851-53), 
39-4. 

The number of daily sick has, of course, a wide range; sometimes an 
hospital is almost closed, at other times there may be more than 100 sick per 
1000 of strength. 

(c) Number of Days spent in Hospital per head in each 1000 of Strength.— 
_ The number of days’ service of a battalion 1000 strong in a year would be of 
course (1000 x 365 =) 365,000. If we assume the average number of sick 
to be 40} per 1000, there are lost to the State (40) 365—) 14,782 
days’ service per annum, or 142 days per man. As already said, it is difficult 
to compare the sickness of soldiers and civilians, but the above amount seems 
large when we remember that, in the friendly societies, the average sickness 
per man per annum (under forty years of age) is less than seven days. 

Mean Duration of Caaca of Iilness,—-The number of daya each sick man is 
in hospital (mean duration of cases) is rather greater (17°8) as the number of 
admissions is below the strength. 

It can be most easily calculated as follows: multiply the mean daily 
number of sick (sick population) by the number of days in the period, and 
divide by the cases treated. The number of “ cases treated” is the mean of 
the admissions and discharges in the period. 


Austrian army, 17 to 18 daya. French @ la chambre, 3°10 days. 
French at home, all cases (1862-66), | Prussian (1859-63), in hospitals, 18°9 
7°97 days. days, 
French in hospitals only (1862-66), | Belgian, 23°6 days, 
26°38 days. Portuguese, 19 daya. 
French in infirmary, 12 days. 


(a) Mortality to Sickness.—This is, of course, a different point from that 
of the relation of mortality to strength. A few cases of very fatal illness 
may give a large mortality to cases of aicknesa, but the mortality to strength 
may be very small. 

e mere statement of the ratio of mortality to sickness gives little in- 
formation ; what is wanted is the mortality of each disease, and at every age. 
Otherwise the introduction of a number of trifling cases of disease may com- 
pletely mask the real facta. 

When, however, the general ratio is to be determined, it must be 
calculated in one of three ways :-— 

1. Mortality to admissions in the time, This is, however, an uncertain 
plan ; a number of cases admitted towards the close of a period, and the 
greater part of whose treatment.and mortality falls into the next period, may 
cause an error, 

2. Mortality to cases treated (= mean of admissions and discharges).*: 
This is the best method of calculation. | ee 
.# A infrequently the mortality on sickness hes been calvuteted in this 
cay es cant alck ta hospital 8 the secn cnaat of the periods, ya yeu, . 


620 HOME SERVICE, 

8, Mortality to sick population, é¢, the number of deaths furnished ‘per 
annum by a daily constant number of sick. This, however, must be taken in 
connection with the absolute number of sick in the time, and with the dura- 
tion of the cases, or, in other words, with the kind of cases. 

The degree of mortality to the several causes of sickness was given very 
fully in the Army Statistical Reports, up to the year 1873, since which time 
the detailed returns have been discontinued. 

Calculated on the admissions, the mortality to total sickness in the English 
army at home is a little above the mortality to strength, or about 11°3 per 
1000 per annum (1865-74). In the Prussian army it was 7°25 (years 
1846-62) ; in 1872 it was 7°7.* 


Catsss or SI0KNESS. 


The causes leading men to go into hospital are, of course, very different 
from those which produce mortality. For example, admissions from phthisis 
will be few, mortality great ; admissions from skin diseases numerous, 
mortality trifling. 

; Taking the most common causes of admission in the order of frequency, we 
nd— 

1. Venereal Diseases (see page 500).—Under the term Venereal, all diseases, 
immediate or remote, resulting from sexual intercourse, are included. Se- 
condary as well as primary syphilis ; stricture and orchitis, as well as 
gonorrhoea, &c. ; also a few cases not strictly venereal. The primary venereal 
forms are, however, of the most importance. 

At p. 506 will be found tables showing the admissions from pri 
venereal sores and gonorrhea. In stations under the Contagious Diseases 
Act, 1000 men give 33 admissions from the former and 68 from the latter. 
In stations not under the Act, the amount of gonorrhcea is 30 per cent. higher, 
and syphilis is more than double. There are other admissions from secondary 
and tertiary syphilis, which somewhat increase the total admissions. 

We have no certain facts with which we can compare the syphilitic disease 
of the civil population with that of the army. The amount among the civil 
population at large is really a matter of conjecture. But whether it is greater 
or less than that of the army does not affect the result drawn from the above 
figures, viz., that there is ag appalling logs of service every year from the im- 
mediate or remote effects of venereal disease. ft 

It should be understood, also, that the action of syphilis is long continued. 
Many soldiers die at Netley} from various diseases, whose real affection has 
been syphilis, eo that the influence of this cause is very imperfectly indicated 





are added to the admissions in the year, and the mortality is calculated on pagent At 


u 


“ tn that time. 
* For numerous statistionl details of foreign armies see Roth and Lax, op, off, vol. if. p. 411 
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by the number of admiasions and servios lost under the head of enthatic 


General Diseases.-The important diseasea included under this class 
one-fourth of the total admissions, or about 205 per 1000 (1869-74), 

(a) Eruptive fevera are not very common, about 3 per 1000. Smallpox is 
checked by vaccination ; measles and scarlatine are not frequent. 

(2) Paroxysmal fevers (many of which have been contracted out of England), 
give about 11 per 1000. 

(c) The continued fevers are more common, but their frequency is lessening. 
There is no doubt that typhoid is the chief, perhaps almost the only fever 
besides febricula which is now seen. Spotted typhus is at present uncommon. 
The continued fevers cause about 22 admissions per 1000 of strength. In 
1866 there was only 15 admissions per 1000. « During the last few years there 
have been some cases of cerebro-spinal meningitis. 

(d@) Rheumatism gives 50, dysentery and diarrhea 25, sore throat and 
influenza 50, and ophthalmia 20 to 25 cases per 1000 of strength. All these 
diseases are declining in frequency. 

3. Integumentary diseases usually give the next greatest number of admis- 
sions—viz., from 100 to 130 (97°6 in 1869-74), This does not include 
scabies, but is made up of a great number of cases returned as phlegmon and 
ulcers (which appear to be rather more common among the cavalry and 
artillery), and a much smaller number .of cases of eczema, herpes, psoriasis, 
and impetigo. 

4. Diseases of the respiratory organs (excluding tuberculosis) give the next 
largest number—viz., from 75 to 110 per 1000, the mean being nearly 82 for 
1869-74, Of the 100 cases acute bronchitis gives 66°5 per cent. ; chronic 
bronchitis 16°5 ; and pneumonia and pleurisy each 8°5 per cent. (nearly). 

5. Accidents follow with from 70 to 100 admissions per 1000 of strength. 
Contusions are much more common in some regiments than in others, 
especially in the artillery and cavalry depdte, whore recruits are in training, 

6. Diseases of the digestive system cause about 100 admissions ; dyspepsia 
is the chief heading ; then chronic hepatitis (although it is very questionable 
if this term is not a conventionalism), and hemorrhoids. 

7. Purasitic diseases come next, with an average of about 30 or 40 
cases per 1000; which are made up of scabies, and a smaller amount of 
“ porrigo.” 

8. Diseases of the nervous system give about 15 to 20 per 1000. Epilepsy 
gives the largest number; then otitis; then cephalea. 

9. Tubereular diseases cause about 18 admissions per 1000. 

10. Diseases of the reproductive (venereal excluded), locomotive, and 
urinary systems, give 6, 34, and 3 admissions per 1000 of strength. 

11. The remaining admissions are made up of smaller clasaca, 

Can the causes of any of these admissions into hospital be lessened or 
removed? On this point there is no room for doubt that the venereal 
admissions could be greatly lessened; so aleo could the admissions from 
fever, gga og ee re already slg raga shh coat 
strength. ass of integumentary diseases w robably admit o 
reduction. What's the exact nature of the phlegmon and nloaes which form 
so large = proportion of the admissions 3 . Trifling as the cases are, they form 
a large aggregate, and a careful study of their of production might show 
how they might be diminished. Probably, however, these are mere conven- 
tional terms, under which a number of trifling cases ate conveniently recorded, 
as 6 eonmyeain emeyels of tes ravers, mt ce year nndee Peleg wus 
desirable, So also of all the other classes, it may be oo i that on active 
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medical officer might succeed in reducing the cases ‘of rhoumatiem, bronchitis, 
and dyspepsia.* Many cases of acute respiratory diseases are produced by 
exposure on guard, ially by the passage into and from the hot close air 
of the guard-room to the open air on sentry duty. Good additional overcoats, 
means of drying the clothes, and proper ventilation of the guard-rooms, would 
probably lessen the cases of bronchitis and pleurisy. : 

Sickness in Military Prieons.—The admissions into hospital in the military 
prisons do not appear to be great; they have varied per 1000 of admissions 
of prisoners from 316 (in 1851) to 725°5 in 1863.¢ Calculated in the mean 
strength, the result is as follows:—In 1863, the daily average number of 
prisoners were 1064; the admissions for sickness, 722; the mean daily sick, 
21; the mortality, 0. These numbers give 725°5 admissions, and 19°74 
mean daily sick per 1000 of strength. Prisoners are healthier than their 
comrades at duty in the same garrisons where the prisoners are under 
sentence. 


SECTION III. 


Such, then, being the amount of mortality and sickness at home, it may 
be concluded that the soldier at present is not yet in so good a condition of 
physical heslth as he might be; and we can confidently look to future years 
as likely to show a continuance in the improvement now going on. In future 
years, however, the new system of limited service will render it difficult to 
trace the progress in the infantry. 

Health is so inextricably blended with all actions of the body and mind, 
that the medical officers must consider not only all physical but all mental 
and moral causes acting on the men under their charge. 

The amount of work, the time it occupies, its relation to the quantity of 
food, the degree of exhaustion it produces, the number of nights in bed, and 
other points of the like kind ; the mental influences interesting the soldier, or 
depressing him from ennui ; the moral effect of cheerfulness, hope, discontent 
and despondency upon his health, as well as the supply of water, air, food, 
clothing, &c., must be taken into account. And just as the body is 
ministered to in all these ways, so should there be ministration of the mind. 
It is but a partial view which looks only to the body in seeking to improve 
health ; the moral conditions are not less important ; without contentment, 
satisfaction, cheerfulness, and hope, there is no health. 

Hygiene, indeed, should aim at something more than bodily health, and 
should indicate how the mental and moral qualities, essential to the particular 
calling of the man, can be best developed. 

How is a soldier to be made not merely healthy and vigorous, but courage- 
ous, hopeful, and enduring? How, in fact, can we best cultivate those martial 
qualities which fit him to endure the hardships, vicissitudes, and dangers of 
u career so chequered and perilous } 

Without attempting to analyse the complex quality called courage— 
a quality arising from a sense of duty, or love of emulation, or fear 
of shame, or from physical hardihood, springing from familiarity with 
and contempt of danger,—it may well be believed that it is capable of being 
lessened or increased. In modern armies, there is not only litth attempt 
to cultivate courage and self-reliance, but the custom of acting together in 
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masees, and of dependence on others, actually lessens this. It i 
then, « problem of great interest to the soldier to know what mental, sacesl 

ysical means must be used to strengthen the martial qualities of bold- 
ness and fortitude. , 

The English army haz never heen accused of want of courage, and the idea 
of pusillanimity would seem impossible to the race, But drunkenness and 
debauchery strike at the very roots of courage ; and no army ever showed the 
highest amount of martial qualities when it permitted these two vices to pre- 
vail* In the army of Marlborough, the best governed army we ever had, 
and the most uniformly successful, we are told that the “sot and the 
drunkard were the objecta of scorn.” To make an army perfectly brave, it 
must be made temperate and chaste. és 

Good health and physical strength, by increasing self-confidence, increase 
courage ; and self-reliance is the consequence of feeling that, under all cir- 
cumstances, we can face the dangers and difficulties that present themselves, 

Few wiser words were ever written than those by William Fergueson,t} at 
the close of his long and eventful service. 

“ Of the eoldier’s life within these barracks,” writes Fergusson, “ there is 
much to be said, and much to be amended. To take his guards, to cleanas 
_ his arms, and attend parade, seems to comprehend the sum total of his exist- 
ence ; amusement, instruction beyond the drill, military labour, and extension 
of exercises, would appear, until very recently, to be unthought of ; as it is 
impossible that the above duties can fully occupy his time, the irksomeness 
of idleness, that most intolerable of all miseries, must soon overtake him, and 
he will be driven to the canteen or the gin-shop for relief. 

“ Labour in every shape seems to have been strictly interdicted to the 
soldier, as water for his drink. All, or nearly all, must have been bred to 
some trade or other before they became soldiers; but they are work for them 
no longer. Labour (the labour of field-works and fortifications) strengthens 
the limbs and hardens the constitution, but that is never thought of in our 
military life at home ; so thought not the ancient Romans, whose military 
highways still exist, and who never permitted their soldiers to grow enervated 
in idleness during peace. Better, surely, would it be that every one should 
work at his own craft, or be employed on the public works, in regulated whole- 
some labour, than thus to spend his time in sloth ani drunkenness, But his 
exercises, without even going beyond the barrack premises, may bs made 
manifold—-running, wrestling, gymnastic games of every kind, swimming, 
leaping, pitching the bar, the sword exercise (that of the artillery), all that 
hardens the muscles and strengthens the limbs, should be encouraged ; and 
when the weather forbids out-door pastimes, the healthy exercise of single- 
stick, in giving balance and power to the body, quickness to the eye, and 
vigour to the arm, may properly be taken as a substitute for the drill which, 
after the soldier has been perfected in his exercise, is always felt to be a 
punishment. So is the unmeaning evening parade and perpetual roll-calling. 

“ Foot-racing too, the art of running, s0 little practised, and so supremely 
useful, should be held amongst the qualities that constitute military excellenca, 





* There are many sober and excellent men in the army. But ass rule, the Baglish soldier 
cannot be depended upon under any olrcumstations, if be can get drink, Well does Sir Ranald 
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It was so held at the Isthmian games of ancient Greece, and deserves a better 
place than has hitherto been assigned to it in the military pastimes of modern 
Britain. In our echool-books we are told that the youth of ancient Persia 
were taught to launch the javelin, to ride the war-horse, and to speak the 
truth. Let the young British warrior be taught to use his limbs, to fire ball- 
cartridge, to cook his provisions, and te drink water. The tuition may bo 
leas classical, but it will stand him in far better stead during every service, 
. Whether at home or abroad. 

“ Regular bodily pleasurable exercise has been said to be worth a host of 
physicians for preserving military health ; and occupation without distress or 
fatigue is happiness. The philosopher can make no more of it; and every 
idle hour is an hour of irksomenesa, and every idle man is, and must be, a 
vicious man, and to a certain extent an unhealthy one.” 


In many of the foreign stations of the British army, excellent opportunities 
exist for both occupying the men and developing their spirit, All history 
teaches us that a hunting race isa martial one. The remarkable fighting 
qualities of the English, as drawn in Froissart’s “ Chronicles,” were owing to 
the fact that at that time they were “ao nation of hunters,” and trained from 
infancy to face dangers alone. in India there are many places where men 
could not only be allowed to hunt, but where such permission would be the 
greatest boon to the inhabitants. 

The English army has hitherto offered but few incentives to good conduct, 
and scanty encouragement for the cultivation of martial qualities, Men must 
have rewards, and feel that earnest endeavour on their part to become in all 
respects better soldiers is neither overlooked nor unrewarded. The new 
order of things introduced by Lord Cardwell soems likely to open up means 
of progress for men who can acquire knowledye and to deserve advancement. 

The cultivation of the martial qualities of the soldier is in reality a part of 
hygiene considered in ite largest sense, but this part of hygiene must be 
studied and carried into effect by the combatant officers. Let us trust it may 
not be long before they seriously study and endeavour, by precept and 
example, to promote the formation of those habits of boldness and endurance, 
and that fertility in resources, which are as necessary as technical knowledge 
to render an army the formidable instrument it is capable of becoming. 


CHAPTER IV. 
FOREIGN SERVICE. ’ 


Tax foreign service of the British = is performed in every part of the 
world, and in almost overy latitude, and probably more than two-thirds of 
each line soldier’s servico is passed abroad. The mere enumeration of the 
stations is a long task ; the description of them would demand a large volume. 
In this short chapter, to give a few general statements as to climate and 
geology, and the past and present medical history of the stations, only can be 
attempted ; such an outline as may give medical officers a sort of brief 
summary of what seems most important to be known. 

Detailed and excellent accounts of most of the foreign stations exist, either 
in tho independent works of army surgeons, such as those of Marshall, 
Hennen, Davy, and many others, or in reports drawn up for Government, and 
published by them. In the early Statistical Reports of the Medical Depart- 
ment of the army, short topographical notices of the stations were inserted ; 
they are models of what such reporta should be, and must have been drawn 
up by a master in the art of condensation, In the Annual Reports now 
published, many excellent topographical descriptions will be found ; and some 
of the Indian Governments have published complete descriptions of all their 
stations. In the “Bombay Transactions,” the “Madras Medical Journal,” 
and the “Bengal Indian Annals,” are very full accounts of almost every 
station that has been, or is, occupied by European troops in India. Finally, 
in the “Indian Sanitary Report” is much important information on the 
meteorology and topography of the present Indian stations. Young medical 
officers first entering on foreign service are strongly advised to study these 
accounts of the stations in the command where they are serving ; it will not 
only give them interest in their service, but will aid them in their search how 
best to meet the climatic or sanitary conditions which affect the health of the 


men under their charge, 
SECTION L 


MEDITERRANEAN STATIONS.* 
GIBRALTAR. 


Usual peace garrison = 4500 to 6000 men. Period of service, three years. 

Civil population = 18,695 (in 1876). Height of rock, 1439 feet at highest 

point, N ature of rock, grey limestone, with many cavities filled with reddish 
clay ; under town, an absorbent red earth forms the subsoil. 

Climate.—Mean temperature of = 64°1 ;¢ hottest month, — (in- 

variably in sight years) = 76%; coldest month, either January or February, 

* ‘ the 
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in equal proportions, 53°77; amplitude of the yearly fluctuation, 22°83 
(= difference between hottest and coldest months). 

Mean monthly maximum and minimum in shade*—hottest month, July 
or August—megn maximum = 89; coldest month, December, January, or 
February—mean minimum, 42°. Range of highest and lowest monthly 
means of maximum and minimum, 47°. Extreme yearly range (difference 
between highest and lowest temperature recorded in the time) about 50° to 
58°. The minimum thermometer on grass sometimes falls to 4° or 6° below 
freezing, 

Rainfall.—Mean 32°8 inches (mean of seventy years, 1790-1860). 
Greatest amount in any one year, 75°8 (1855). Least amount in any one 
year, 15°1 (1800). The importance of this great variation, as regards sieges, 
is evident; Gibraltar might be embarrassed for water, if the rainfall were only 
15 inches in a year of siege. 

Number of Rainy Days=68. The rain is therefore infrequent, but heavy. 
The rain falls in nine months, September to May; greatest amount ins 
January and November ; most rainy days in April. Summer, rainless, 


Humidity. 
Grains of Relative 
Dew-polnt. Va in a Homidity 
cubic foot. Sat, = 100, 
Mean dew-point of year, 55°9 5°75 72°3 
Mean highest dew-point in °, . ; 
August, . _ 67°°9 75 709 
Lowest dew-point in January °, : : 
oy Febery, } 43° 3-25 69:1 


Gibraltar is thus seen to be rather a dry climate; at any rate, the air is 
on an average only three parts saturated with moisture, and therefore evapora- 
tion from the skin and lungs will be tolerably rapid, provided the wind 
moves freely. It is certainly not a moist insular climate, as might have been 
anticipated. At the times of rain, however, and during fogs and moist 
sirocco, the air is nearly saturated. 

Winde.—Chiefly to the N.W. or S.W. or W., in January, April, May, 
June, and October. Easterly in July, August, and September. But some- 
times the easterly winds are more prevalent, or may be moderate for almost 
the whole year. The east.and south-east winds are sirocco (Levanteros), and 
ure often accompanied by rain and fogs. 


Sanitary Conditions, 
Water Supply.—The quantity was formerly very deficient ; in 1861 only 
24 gallons daily were supplied for non-commissioned officers and privates. 
Sourcen.—Wells and tanks, rain water, and a small aqueduct carrying 
surface water. Very large tanks have been constructed in two of the ravines, 
with arrangements for passing into them a large amount of surface water ; 
and lately fresh wells have been dug at the north end, near the neutral 
ground, which yield a large supply of good water. 
Quality.—In a well from the neutral ground analyeed by Mr Abel, there 
was much calcium sulphate and nitrate (4:5 and 6 bur per gallon), ant 
calciuza carbonate (12 grains per gallon), also alkaline chlorides (7 or 8 grains), 


* Of the eight years (1853-00) given in the report above quoted, the difference between 

monthly meas maximum and m Suse ooneok lam te the last thres sod patos 
suxpect some error in observation. In 1875 the mean maximum in Angnst was 87-4, the 
‘maean mininam in January 51°4--range 36°; absolute mazimum 91° in August, absolute 
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and 4 grains of organic matter.* A tank water contained leas lime, but much 
faaguetart cartoests A. well water in the town ete Ge 
$9°6 grains of calcium nitrate, and 15 grains of calcium aulphate, per gallon. 
The immense amount of nitric acid points eset jeter to the oxidation of 
animal organic matter. The tank water is good when filtered ; but the tanks 
uire frequent inspection and cleaning. 

Mace of the houses of the civilians have tanks, and no new house is allowed 
to be built without a tank. The distribution of water, both to soldiers and 
civilians, is defective ; it is almost entirely by hand. 

Drainage. —The sewers are at present being much improved. A new out- 
fall near Rosina Bay has been made, and the whole system of sewage will soon 
be in fair order.t 

Barracke.—More than half the garrison is in casemates, which have been 
described as “‘ mere receptacles of foul air, damp, dark, and unwholesome.”{ 
The barracks are, for the most part, badly arranged, and are overcrowded ; 
the average cubic space in 1862 was only about 450 feet, and the average 
superficial space under 40. Ventilation was very defective, especially in the 
casemates. In all those points, however, great improvement has taken place. 
The means of ablution are defective. Latrines and urinals are also defective.§ 
The duties are not heavy, and the rations are said to be good. In 1860 soma 
improvements were made in the dress of the troops, and a light summer auit 
ordered. Flannel next the skin has been recommended strongly for Gibraltar 
on account of the occasional cold winds. 

Health of the Civil Population. 

Gibraltar is now a place of considerable trade; whether the Government 
have been right in allowing a mass of people to herd closely together in the 
midst of the moat important fortress we posseas, is very questionable. In case 
of a siege they would be a serious embarrassment, and even in time of peace 
they are objectionable. The health of this community is bad ; in 1860, the 
northern district, where population is densest, gave 38 deaths per 1000, or, 
excluding cholera, 33°5 ; in the more thinly populated southern end, the 
mortality was 27°5 per 1000, or more than St Giles’, in London. The deaths 
in children under one year form 17°33 per cent. of the total mortality. The 
prevailing causes of this mortality are fevers (in all probability typhoid), and 
tuberculous consumption, which causes 13 per cent. of the total ‘issils at all 
ages, or 37°6 per cent. of the total deaths at the soldiers’ ages. Dysentery 
and diarrhoea are common. 

In this compressed and dirty population several great epidemics have 
occurred, The bubo plague does not appear to have been seen since 1649, 
but the earlier records are very imperfect; yellow fever, however, prevailed 
in 1804, 1810, 1813, and 1828. Cholera has prevailed several times ; the 
last time was in 1865. 


Hatta or tax Troors. 


Loss of Strength by Death ond Invaliding. 
{a) By Death.—Gibraltar bas never suffered from any great sickness or 
* Samples from the wells on the neutral ground, recently analysed at Netley, vod & great 


quantity of chlorides and excessive hardness. There was but little o 

it bs probably completed by this time. 

$ Barrack Oomtindooey p. 87. ae 

AR these points axe noted, Fgh tip erreigeray oe A yep aioe plied 
' glterstion ; they are merely referred re as tearing on. on amonnt 
‘vention of disease. Plans of all the improvements in the Comanulesionery 
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mortality, except in yellow fever or cholera years, At the time when the 
mortality, on home service was 17 or 18 per 1000 of strength, it was usually 
not more than 12 at Gibraltar. Of late yeers both sickness and mortality 
has been below that of home service, especially in the latter years. In spite 
of this comparative healthiness, it is quite certain that much preventable 
disease existed, and in part still existe on the Rock. 


Mortality per 1000 of Strength. 


Years. Total Deaths, Pree Pal 
1837-46 (10 years) . . . - 129 5-65 
1861-70 (10 years)* . .  . 8-54 
1871, ; ; ; ; ; : 5-87 
1875, , : ; ; , : 5°50 


The last years are placed by themselves to show what low mortality is pos- 
sible among soldiers, and what in all probability may be the usual amount in. 
future years.t ; 

Causes of Death.—In the earlier years the chief causes of death were 
phthisis and continued fever, which was doubtless enteric fever. Of late 
years phthisis has declined ; enteric fever, on the contrary, increased up to 
1863, has since then declined in frequency, though not in fatality per cent. of 
attacked. By expressing the facts as per cent. of deaths, the relation will be 
seen clearly— 


In 100 Deaths from all Causes. 


Years. Phthisis. age Deliium Tremene 
1837-46, ; : 41 17°65 9°28 
1863—66, . ; . 16°84 28°94 
1867, : . : 92:75 11°44 
1875, . . . 2310 23-10 


Instead of expressing the facts in this way, they may be put in another 
form. The admissions from phthisis averaged 11 per 1000 of strength in 
the ten years, 1837-46, while in the eight years, 1859-66, they were only 
7°63. In the years 1863-66 the deaths and invaliding together from phthisis 
were only 3°72 per 1000 of strength, or hardly more than the deaths alone at 
home, ‘The decline in phthisis seems therefore certain, and the diminution 
has since continued, but still it is possible that it is not even now so low as 
it might be. 

The continued fevers gave 75°5 admissions per 1000 of strength in the 
years 1837-46, and 98°5 in the five years ending 1863. There was also an 
Increase in mortality. In the three years ending 1866 the admissions fell to 
an average of 42, and the decline was progressive, In 1867 there was an 
increase in admissiona, owing to the prevalence of a mild fever very like the 
dengue of the West Indies. In 1871 there were 7 deaths from enteric fever, 
while there were only 26 deaths in allt 


cameramen centemteamnentetat nat Ata ata at OE En 

* Cholera prevailed in 1865, and raised the mortality to 28°74. Without cholera it was 7°01. 

iw OF sores ereletng has an effect, but the inv who died at Netley are included ja the 
am 

Riven this mortality is more than is necessary. In.1966 there were 15 deaths ont of 4585 

then. Of these Se ee em nd therefore preventable, 4 froea phehiala, 2 from apepinxy, 

$ from heart disease, 1 from sortie aneuriam, 1 from sathme, and one from violence. im- 


organs is stri ;. it formed 364 per cent. 
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During the last few years, much has been done in Gibraltar to give the 
men more breathing space and ventilation, hence the decline in phthisis which 
was so fatal formerly when the men were crowded in casemates, When their 
barracks are still further improved, we shall see a still greater lessening of 
phthisis. The water supply bas also been better looked after, and efficient 
drainage has been commenced, and is now nearly completed. 

The prevalence of heart diseases is a striking circumstance, and I cannot 
but believe is caused by the same conditions as at home. 

The habits of the men are much improved, and delirium tremens, formerly 
common, is rare. In 1865 and 1866 only one man died in two years from 
this cause, or at the rate of scarcely more than ‘1 per 1000 of strength. 

Formerly dysentery and diarrhea were common ; now they are infrequent 
and mild. The average admissions from dysentery in three years (1864-66) 
were only 2 per 1000; in 1864 and 1866, from diarrhoea wore only 12 per 
1000. 

Everything points to the fact that Gibraltar itsclf is a perfectly healthy 
place, and, that when the sanitary alterations now going on are completed, 
the sickness and mortality will be trifling. 

The influence of age on mortality is not given separately for Gibraltar, and 
is included in a subsequent table. 

(6) By Invaliding.—The number of men sent home for chango of air and 
discharge varies greatly from year to year; about 20 to 30 per 1000 of 
strength is the average. The chief diseases are ophthalmia, phthisia, syphilis, 
and cardiac disease. The other diseases are in smaller number, but are 
numerous, JDysentery and liver diseases used to be common causes of in- 
validing, but both are now declining. 


2. Lose of Service by Sicknesa, 


The admissions, the mean daily sick, and the duration of the cases, are all 
below the home standard. 


Per 1000 of Strength. 













Mean in 
ven, | Megson | Meg | memal fea 
1837-56, e 976 oan eee 
1861-70, 742 36°57 18°39 
1865-74, . 6566 32°61 18°18 
1875, . 620°9 38:36 22°55 





The venereal diseases cause fewer admissions than at home; the average 
of the whole venereal class is only about 120 per 1000. or syphilis alone 
the average (1869-74) is only 51°8. This is owing to the police regulation 
of prostitutes. Integumentary diseases cause about 65 admissions per 1000. 
“ Continued fevers” caused 64°9 (1869-74), and in 1875, 90-5 admissions. 
Dysentery and diarrhosa are now declining from the former average of 58 
to 20 or 30 per 1000. Digestive disorders give a large number of admissions, 
and have always done eo, but in the latest returns they are somewhat 
declining. 

_ Sanitary Duties at Gibraltar.—Captain Galton and Dr Sutherland have 
already indicated the measures which must be sdopted, viz, a better supply 
of water, by arranging a larger storage ; = better drainage, with sea water for | 

* Cholera prevailed in 1865, so 1 have left thet year out. 4 
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flushing, and a different outlet; and an improved ventilation, with leas 
crowding in barracks. All the plans are being gradually carried out. There 
is no doubt these measures will greatly improve health. 

It may be suggested whether, as water is so deficient, a removal of sew 
by hand might not be employed. The soil might be used for cultivation in 
the neighbourhood of the Rock, or carried out to sea. 

Supposing war were to arise at this moment, and that we lost the command 
of the sea for a time, the points of danger would apparently be these :-— 

1. Deficient Water, the Rainfall being uncertain.—The new wells near the 
neutral ground will perhaps obviate this danger ; but if not, it would have to 
be supplied by distillation, and it would be prudent to keep a good apparatus 
always at Gibraltar. The amount of storage has been increased of late years. 

2. Overerowding and Bad Ventilation, leading to Spotted Typhus.— With 
@ full garrison, and with some barracks untenable, there is no doubt there 
would be serious danger of this disease ; and it is a matter of great moment to 

ventilate as perfectly as possible all casemates which, even if now disused, — 
must be used in time of war. 

3. Typhoid Fever.—The drainage is now being improved, so that this cause 
of danger may soon be entirely removed. 

4, Diseases arising in the Town, and spreading to the Garrison.—In case 
of war, it would seem most desirable to clear out the native town as far as it 
can be done. More space and more water would be available, There would 
be less chance of famine, destitution, and disease. 

In the war in 1792, scurvy prevailed from deficiency of food and fresh 
vegetables, 


Maura. 


Size, 17 miles by 8. Usual peace garrison= 5000 to 7000; period of 
sarvice, three years ; population (civil) in 1876 = 149,270. 

Geology.—Soft, porous rock ; the greater part is sandstone resting on hard 
limestone ; in some parts there is mar] and coral limestone over the sandstone. 
In the centre of the island, at Citta-Vecchia, there is, in order from the 
surface, alluvium, upper limestone, red sand, marl, sandstone, and lower 
limestone. Valetta is on thin alluvium, with thick sandstone below, and 
beneath this the lower limestone. 

Climate (at Valetta).—Mean of the year, 68° ; hottest month (July), 77° ; 
coldest (January), 57°; amplitude of the yearly fluctuation, 20°; extreme 
yearly range (from highest to lowest temperature in shade), 62°, from 100° in 

uly to 39° in January ; mean yearly range, about 50°; extreme monthly 
ar ie from highest to lowest in month), about 25° to 35.° 
ndulations of temperature are frequent, and there are often cold winds in 
winter from N.W. The south-east wind is an oppressive sirocco, raising the 
temperature to 94° or 95°. It is chiefly in the autumn, and blows for from 
60 to 80 days every year. At Citta-Vecchia (600 feet above the sea) the 
temperature is lower and the air keener. Rainfall about 32 inches i 
rain in November, December, and January; lees in February and March; 
emall in amount in the other monthe. From June to August almost rainlese, 
Humidity.—(Moan of 1859-60) ; observations at 9.30 a.m.. and 3.30 p.m. 


Dew Vepourina —_,Balative 
Pet eabeefooe.” «== iuanty. 
Highest in year (August), . = 
Lowest in year (February), . 49 3°96 


Malte thus appears to be a dry climate, i.e, with little relative humidity. 


MALTA, 631: 

Much has been done of late years, and, as far as external cleanliness 
Valetta is very clean. Water supply from rain and springs (the largeat of 
which is in the centre of the island, and the waters of which are led b 
aqueduct), is not very deficient in quantity (8 to 10 gallons par head), a 
except in some places, in quality, though the rain-water contains 
chlorides from the spray falling on the roofs of buildings. Some of the tanks 
are too near the sea, which percolates intothem. The tanks require, however, 
careful looking after. Within the lines there are 272 public and mili 
tanks, with storage for 55 millions of “espa and 4294 private tanks, wi 
storage for 323 millions of gallons. The military tanks, if full, would give 
6 gallons of water per man daily for eleven months, but even now the water 
often falls short. The water is carried everywhere by hand, and the drinking 
water for the men is not filtered, or only partially so. An attempt to get 
water by sinking into the sandstone was made in 1866-67, but failed. The 
sewers in Valetta are bad in construction and outlet, and much typhoid has 
been, and is still, caused in consequence. In many cases “they are nothing 
but Jong cesspoools.”* Pipe drains are, however, now being laid in the old 
drains, which were merely narrow deep channels cut im the soft porous rock. 
The old style of drain has now quite ceased to exist in the barrac 

The barracks are bad, many casemates being used, and buildings which 
were intended for stores and not for habitations, They are built of soft 
sandstone, which both crumbles and absorbs wet. In some cases, all sanitary 
considerations have been sacrificed for the purposes of defence. The ventila- 
tion of the casemates is very bad, but some improvements have taken place. 
The Barrack Commissioners, in their Report, recommended that in every wa 
which can be done the ventilation should be improved by admitting the win 
especially from the north, and that each barrack will eer @ separate plan 
to meet the particular case, They recommend that air shafts shall be made, 
much larger than ordered for home service, viz., 1 square inch for every 20 
cubic feet of space, or for a barrack of twelve men with regulation space 
(7200 x 20 =) 360 square inches (= 24 square feet) of outlet opening. Some 
of those points have beet carried out with very good results. At the present 
time the amount of cubic space is below the home service amount (600 cubic 
feet), and the superficial area is very small, in some cases being as low as 
40 mr feet per head. All the barracks are now supplied with new and 
remodelled married quarters, with proper appliances. 

A nasium is provided both in Cottonera and Valetta, and all the 
barracks are well provided with reading, recreation, and school rooms. The 
means of ablution are now very good in all the barracks, and there are new 
water latrines and slate or earthenware urinals provided. 

We may therefore hope that a diminished amount of disease may be the 
result of these improvements, although much remains to be done to make the 
condition of the troops as good as it ought to be. 

Health of the Cwil Population. 

There is some, but no great amount, of malarious disease, but s good deal 
of the so-called bilious remittent,t and typhoid. i arg not at t 
seen. Bubo has prevailed seven times, the in 1841, slightly. 
Yellow fever has been known, but not of Iste years. Cholera has occurred 
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thrice. Dysentery is common; tenia not infrequent; ophthalmia common, 
from dust berige Po Boils or anthrax are frequent; rheumatism is not 
uncommon, and phthisis is said to be frequent (from dust’). The death rate 
in said to be 21°3 per 1000 in the towns, and 28-7 in the co districts ; 
while nearly 574 per cent. of this is in children under five years,” the great 
causes of infantile. mortality being registered as teething and convulsions. 


, Health of the Troops. 

The health of the troops is worse than at Gibraltar, but it hes singularly 
fluctuated (even without great epidemics), more so probably than at any 
station in the same latitude. The mortality has varied as much as threefold 
without cholera. 


we amonioes: 


Loss of strength per 1000 per Loss of Service per 1000 per 
annum. annum. 









Years. Days in 
Deaths 
Total from |Invaliding,| 4dmis- Mean Hospital to 
Deaths. | nisuase. &| “sions. | daily Sick. ao _ 
1887-46, . . 2. « » 15°3 ies esa 1120 ae 
1861-70 (10 years), . 18°49 sae 22°2 7986 : 19°81 
1865-74 (10 years), . | 14°24 ce 33°73 | 828°4 18°35 
1875). 6: 26, 6. aa 10°48 ve 24°92 906°1 17°34 
Highest (1865, cholera), 24°63 ee ‘5 
Lowest 1864, .. . 4°58 


The mortality in 1864 was as low as it has ever been ; but it has in former 
years been as low as 5°6 from disease alone. It is curious how alternations 
of health and sickness occur chiefly from the variations in the fevers of 
different kinds, especially enteric (typhoid) and the remittent or so-called 
Malta fever, which has a long course, a great tendency to rheumatic sequel, 
and little mortality. 

In 1867 there was a terrible outbreak of continued fever, chiefly among 
the troops quartered in the notoriously unhealthy barracks of Lower St Elmo 
and Fort Ricasoli The admissions rose to 228, and the deaths actually 
amounted to no leas than 7:93 per 1000 of strength. Out of 100 deaths no 
leas than 32:2, or nearly one-third, were from “continued fever,” i.e. enteric 
fever in great measure. —s -- 

In former years phthisis was the cause of 39 per cent. of the deaths, or 
nearly the same as at Gibraltar. Latterly there have been fewer deaths at 
Malta, but a considerable number of tubercular cases are sent home. The 
discase is Sete detected earlier, and the men do not die as formerly at the 
station. Still this does not account for the whole diminution, and there has 
been clearly a lessening of phthisis. There was formerly a large amount of 
atomech and bowel disease, and dysentery was forty times as frequent as in 
It is certainly a very remarkable circumstance, that both at 
Gibraltar and Malta there should have been this extraordinary liability to 
affections of the alimentary canal. At Malta, as at Gibraltar, it may have 
been chiefly owing to impure water and to food (Report of 1853, p. 118). 


* Report of Barrack Commissio: 87. The Commissioners remark 
emand farther inquiry. Probably they ae gale cnisutwortay 
necurity of the fortress war, to know everything 
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Of late years stomach and bowel affections have been less frequent, but are 
still more common than at home ; in 1861, the 89,000 men on home service 
gave only 67 cases of acute dysentery, and no deaths, while the 6000 men at 
Malta had $4 cases and 2 deaths. 1864 there were 3 deaths from acute 
dysentery among 5654 men, while in the home station there was only 1 death 
among 73,252 men. If it had been equally fatal at home, there would have 
been nearly 39 deaths. 

A continued fever (which was probably in great measure typhoid) has 

vailed more or leas for the last forty yeare at Malta, and doubtless alao 
before that time. It has been quite as prevalent and fatal of late years as 
formerly ; in 1851 there were 1413 admissions out of a garrison of 5310 
men, or at the rate of one man in every four; and the deaths from fever 
were 44 out of 96 total deaths, or 45°83 of the total mortality. In 1863 
there were 844 admissions and 21 deaths out of a garrison of 5494 men. 
This is more than in any town or village in England. In 1864 there were 
1057 cases and 6 deaths out of a garrison of 5654 men. In 1865 there were 
1162 admissions and 13 deaths out of 5323 men; in 1866, 1031 admissions 
and 19 deaths out of 5202 men; and in 1875, 634 admissions and 11 deaths 
out of 4,506 men. 

In the Statistical Report for 1853, it is observed that the number of cases 
of liver disease at Malta are remarkably high; and the writers, while believ- 
ing there must be “something in the ‘climate of Malta peculiarly favourable 
to the production of hepatic affections,” were unable to find, on bringing the 
cases into relation with the temperature, any connection, The cause of this 
may be something very different, and it is very desirable that the food should 
be looked to. There is a suspicion at Netley (which requires a few years 
more experience to teat it), that the cases of echinococcus of the liver are more 
frequent in men from the Mediterranean stations than others (Dr Maclean), 
The case of Iceland should lead us to look into this point. 

The history of admission for venereal disease is important; in 1837-1846, 
inclusive, the admissions were only 99 per 1000, or two-thirds less than at 
home; in 1859, when the next report appeared, they were 149 per 1000; 
and in 1860 they were 147°9 per 1000. In the carly period there were police 
regulations, which were suspended in the two latter years. In June 1861 
the police regulations were re-enforced, and the admissions for the year sank 
to 102. The 4th battalion of the Rifle Brigade showed the following 
remarkable result :—In the first half of 186] there were 57 admissions; in 
the last half only 17. In 1862 the total number of cases of “ enthetic 
disease ” in the whole garrison were only 49°5; in 1863, 44:1; and in 1864, 
53:2 per 1000. They were increased in that year by the women who came 
from Ionia with the troops. In 1865 they were 44; in 1866, 59°6 per 1000. 
In 1870 and 1871, the admissions were very few; in the latter year, which 
was the worst, the admissions of primary syphilis were only 8°3 per 1000 of 
strength. If the home return is looked at, it will be seen what an effect has 


fluctuates from causes traceable to special influences ; the reduction is almost 
entirely of ilis, not of gonorrhea. The large number of admissions from 
paseo et ulcers is as sttiking in Malta as at Gibraltar and at home; and 
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by the Barrack Commissioners refer to a larger water supply, a better dis 
tribution, improved drainage, and efficient ventilation. 

In time of war, the dangers at Malta would be the same as at Gibraltar ; 
the aqueducts might be cut by a besieging force, and the water supply 
restricted to the tanka.* Although these are supposed to hold a large 
quantity, they are not kept full, and could not, perhaps, be rapidly filled. 
The garrison might be driven to distil the sea water. A still more serious 
danger would be the overcrowding of a war garrison. Doubtless, in case of a 
war, the garrison would only be concentrated in the lines when the siege 
commenced, but the crowding during a siege of three or six months might be 
very disustrous, This danger should be provided for beforehand by a clear 
recognition of what accommodation would be granted for war, and how it is 
to be obtained without violating either the conditions of health or of defence, 


On the Influence of Age on Mortality in Gibraltar and Malta. 


Deaths per 1000 of Strength at each Period. 


40 and 

eae 25-29, | so-sa. | asso, | #000 

1865-74 . ; ere 
(ten years), 3°04 14°28 | 14°38 | 22 31°5 

1875, 1°97 6°61 ; 11°80 | 11°56 | 16°74 





SECTION IL 
WEST INDIES. 


The history of sanitary science affords many striking instances of the 
removal of disease to an extent almost incredible, but no instance is more 
wonderful than that of the West Indies, Formerly, service in the West 
Indies was looked on as almost certain death. It ia not fifty years since the 
usual time for the disappearance of a regiment 1000 strong was five y2ars. 
Occasionally in a single year a regiment would lose 300 men, and there 
occurred from time to time epochs of such fatality that it was a common 
opinion that some wonderful morbid power, returning in cycles of years— 
some wave of poison—swept ever the devoted islands, as sudden, as unlooked- 
for, and as destructive, as the hurricanes which so sorely plague the 

** Golden isles set in the silver sea.” 


What gave countenance to this hypothesis was, that sometimes for months, 
or even for a year together, there would be a period of health so great that a 
regiment would hardly lose a man. But another fact less noticed was not 20 
consistent with the favourite view. In the very worst years there were some 
stations where the sickness was trifling ; while, more wonderful still, in the 
worst stations, and in the worst years, there were instances of regiments 
ss comparatively healthy, while their neighbours were literally 
deci And there occurred also instances of the soldiers dying by scores, 
while the health of the civil inhabitants in the immediate vicinity remained 
as 

If anything more were wanted to show the notion of an epidemic cycle to 
be a mete hypothesis, the recent medical history of the West Indies would 
prove it. At present this dreaded service has lost its terrors. There 


* Dr Notter has lately (1872) analysed fourteen of the tank waters of the diferent Sorts, abd 
fushs the cuafition af the Wunee wo bs cceoen ma 


still occur local attacks of yellow fever, which may cause a great ity ; 
but for theee local causes can be found; and otherwise the stations in 

‘Weat Indies can now chow a degree of salubrity almost equalling, in some 
cases surpassing, that of the home service. 

The causes of the production, and the reasons of the cessation, of this great 
mortality are found to be most simple, It is precisely the same lesson which 
we should grow weary of learning if it were not so vital to us. The simplest 
conditions were the destructive agents in the West Indies. The years of the 
cycles of disease were the years of overcrowding, when military exigencies 
demanded that large garrisons should hold the islands, The sanitary condi- 
tions at all times were, without exception, infamous. 

There was a great mortality from scorbutic dysentery, which was almost 
entirely owing to diet.* Up to within a comparatively late data, the troops 
were fed on salt meat three, and sometimes five, days a week, and the supply 
of fresh vegetables was scanty. It required all the influence of Lord Howick, 
the then Secretary at War, to cause fresh meat to be issued, though it had 
been pointed out by successive races of medical officers that fresh meat was 
not only more wholesome, but was actually cheaper. The result of an 
improvement in the diet was marvellous; the scorbutic dysentery at once 
lessened, and the same amount of mortality from this cause is now never seen. 
Another cause of dysentery was to be found in the water, which was impure 
from being drawn from calcareous strata, or was turbid and loaded with sedi- 
ment, The substitution of rain water has sufficed in some stations to remove 
the last traces of dysentery. 

If the food and water were bad, the air was not less so, Sir Alexander 
Tulloch has given a picture of a single barrack at Tobago, said to be the “ best 
in the whole Windward and Leeward Command,” the figures of which tell 
their own tale, 

Barrack at Tobago in 1826.—Superficial space per man, 22} feet ; breadth, 
23 inches ; cubic space, 250 feet. 

The men slept in hammocks, touching each other. In these barracks, 
crowded as no barracks were even in the coldest climates, there was not a 
single ventilating opening except the doors and windows; the air was futid 
in the highest degree. With this condition of atmosphere, it is impossible 
not to bring into connection the extraordinary amount of phthisis which pre- 
vailed in the soft and equable climate of the West Indica) There was more 
phthisis than in England, and far more than in Canada. The first great im- 
provement was made in 1827, when iron bedsteads being introduced, each 
3 feet 3 inches wide, greater space was obliged to be given to each man. 

Every arrangement for removal of sewage was barbarous, and in every 
barrack sewage accumulated round the buildings, and was exposed to heat and 
air. When yellow fever attacked a regiment, every stool and evacuation was 
thrown into the ceespools common to all the regiment ; and in this way the 
disease was propagated with great rapidity, and was localised in a most singu- 
Jar manner, so that a few hundred yards from a barrack, where men were 
dying by scores, there would be no case of fever. In spite of this, it was 
many years before the plan of at once evacuating a barrack where yellow 
fever prevailed was adopted. 

The barracks themselves were usually very badly constructed, and when in 
seme cases the architects had raised the barracks on arches from the ground, 


* This is ont in the Statistical Report (1888) on the West Indies, by Tulloch and. 
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in order to insure perflation of air below the buildings, the arches were 
blocked up or converted into store-rooms ; and the barracks, with spaces thug 
filled with stagnant air beneath them, were more unhealthy than if they had 
been planted on the ground. 

The localities for barracks were often chosen without consideration, or for 
military reasons,* into which no consideration of health entered. Almost all 
were on the plains, near the mercantile towns, where the soil was most 
malarious, and the climate hottest and most enervating. Malarious fevers 
were, therefore, common. 

To all these causes of diseases were added the errors of the men themselves 
For the officers there existed, in the old slave times, the greatest temptation, A 
reckless and dangerous hospitality reigned everywere ; the houses of the rich 
planters were open to all, A man was deemed churlish who did ‘not welcome 
qyery comer with a full wine, or more often a brandy, cup. — ay 


’ 


“In a climate where healthy physical exertion was. deemed, impobeible, or 
waa at any rate distasteful, it-was held to. be inditperienbla ‘te cat largely 06 


“maintein the strength. To take two breakfasts, dich J substantial mbal 

the usual custom ; a heivy late dimmer, freqnesitly followed bys duyzi 
ceeded ; and to spur the reluctant appetite, ginstes of bitters and apirite “wi 
taken before meals, : Dae Se er ok 

The private soldiers obtained without difficulty abundance of cheap per 
which was often poisoned with lead. Drounkenness was almost wniversal, ani 
the deaths from delirium tremens were frequent and gine | sudden, The 
salt meat they were obliged to eat caused a raging thirst, which the rum bottle 
in reality only aggravated. 

To us these numerous causes seem sufficient to account for everything, but 
in former days an easier explanation was given. It was held to be the 
climate ; and the climate, as in other parts of the world besides the West 
Indies, became the convenient excuse for pleasurable follies and agreeable 
vices, In order to do away with the effects of this dreaded climate, some 
mysterious power of acclimatisation was invoked. The European system re- 
quired time to get accustomed, it was thought, to these climatic influences, 
and in order to quicken the process various measures were proposed. At one 
time it was the custom to bleed the men on the voyage, so that their European 
blood might be removed, and the fresh blood which was made might be of 
the kind most germane to the West Indies. At other times an attack of fever 
(often brought on by reckless drinking and exposure) was considered the grand. 
preservative, and the seasoning fever was looked for with anxiety. The first 
statistical report of the army swept away all these fancies, and showed conclu- 
sively that instead of prolonged residence producing acclimatisation and lessen- 
ing a disease and mortality increased regularly with every year of 
residence, 

The progress of years has given us a different key to all these resulta. It 
is now fully recognised that in the West Indies, as elsewhere, the same cus- 









* The history of the old St James's Barracks in Trinidad 
over. | ee ee ae Caen eee Cree ee ere ree 
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toms will insure the same resulta. Apart from malaria, we hold our health 
and life almost at will The amount of sickness has immensely decreased ; 
occasionally in some stations which used to be very fatal (as at Trinidad) there 
has not been a single death in a year among 200 men. Among the measures 
which have wrought such marvels in the West Indies have been— 

1. A better supply of food ; good fresh moat is now issued, and vegetables, 
of which there is an abundance every where, 

2. Better water. 

8. More room in barracks, though the amount of cubic space is still small. 

4. Removal of some of the stations from the plains to the hills ; a measure 
which has done great good, but which can explain only a portion of the im- 
provement, The proper height to locate troops is by most army surgeons 
considered to be at some point above 2500 feet. 
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‘ts iL dike’ 1 ‘al td cane aeiee 
B.A ‘better dries.’ It is only, Boworer, within the a ‘ele ad 
more suitable dreas ‘haa, at the tel of the late D ireotor-General, Bir dB, | 
Gibson, been provided for the West Indian Islands. 

The army stations in the West Indies are, Jamaica, Barhadoes, ‘Trividad, 
Bt Vincent: the last three being included in the term “ Windward‘ and 
Leeward Command.” British Guiana, on the mainland, is part of this com- 
mand, There ere small parties of artillery and some black troops in Honduras 
and the Bahamas. 

The period of service is now three or four years; formerly it was aleven or 
twelve, but this was altered after the first statistical report. Usually the 
Mediterranean regiments pass on to the West Indies, and aubsoquently to 
Canada, The total number of men serving in the West Indies is now very 


The proper time for arriving in the Weat Indies is in the beginning of the 
cold season, viz, about the beginning of December, when the pepe end 
autumnal rains are usually over. 


JAMAICA, 


Present strength of white garrison, 300 to 400; black troops, 700 to 800, 
Population of Island at last census, 506,514. A range of lofty hills (Blue 
Mountains) divides Jamaica into two parta, connected by a few passes, The 
troops were formerly stationed chiefly in the south plaina, at Kingston 
(30,000 inhabitants), Port-Royal, Spanish Town, Up-Park Camp, Fort- 

Augusta, &. After the Maroon war in 1796 some troops were stationed at 
Maroon Town (2000 feet above the sea) on the north side, and at Montego 
Bay. Subsequently Stoney Hill (1380 feet above the sea), at the mouth of 
one of the passes, was occupied. 

Since 1842 some, and now neatly all the troops, are at Newcastle, in the 
hills, 4000 feet above the sea, with detachments at —— and Port-Royal. 
The other stations are now disused for white troops. e sanitary condition 
at Newcastle was formerly not good; the sewage arrangements were very 
eS: it is now somewhat i 

Climate —The climate is very different at the different stations, At 
Kingston (see-lovel)—temperature, mean of year=78°0; hottest month, 
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July, mean =81°°71; coldest month, January, mean=75°°65 ; mean year} 
Acseustion 6°06. Undulations trifling. The climate is limited at 
equable, At Newcastle the mean annual temperature is about 66° ; hottest 
month, August =67°-75 ; coldest month, February = 61". The diurnal rang, 
is considerable, but the annual fluctuation is trifling (about 6°), The meen 
of the year is therefore much lower than on the plains; the aunplitude of the 
fluctuation about the same ; the diurnal , 
ee is considerable in the plaine—often fem 80 to 96 
dent, of situretion= 7 to 9 grains of vapour in a vithic foo. ‘A0 Newonslle 
thus saan yearly dew-point is about 60° ; te eanoent of vapows in 9, enble tou, 
of eit in 5°77; the mean yearly relative humidity is 68 per ons of Netnention 
Rain.--Amount on the plains = 50 to 60 inches, in apeing and autumm, 
vis, April and May, and October and November. Showers in July and August 
Winde,—Tolerably regular land winds at night, and sea breeses in the 
hot and dry months during the heat of the day. The central chain of 
mountains turns the north-east trade wind, so that it reaches the séuth side 
diverted from its course ; from December to February the wind is often from 
the north, and brings rain and fogs (“ wet northers ”), The south-east wind 
in April and May is very moist. The hurricane months are from the end of 
July to the beginning of November. The climate in the plains is therefore 
hot, equable, and humid. 


Health of the Black Civil Population, 


Of the specific diseases, smallpox and the other exanthemata are common. 
Spotted typhus is aaid to be unknown ; typhoid is said to be uncommon, but 
is probably more common than is supposed. Influenza has prevailed at times, 
and also the so-called dandy or polka (Dengue). Cholera has prevailed 
severely. Malarious fover is common over the whole of the south plains, 
Yellow fever is common, though less frequent and severe among the blacks 
than the whites. JDysentery is common, though it has always been less 
frequent than among the troops. Organic heart disease is frequent. Liver 
diseases are uncommon. Spleen disease, in the form of leucocythemia, is 
common among the blacks (Smarda). Gout is said to be frequent, and 
scrofula and rickets to be infrequent, Syphilis is not common, but gonorrhea 
is, Cancroid of the akin and elephantiasis of the Arabs (Pachydermia) are 
common, Leprosy is also seen. 


Health of the Troope. 


In the years 1790-93 the annual mortality of the white troops varied in 
the different stations from 111 (Montego Bay) to 15:7 per 1000 of strength at 
Stoney Hill (1380 fect above sea-level). Inthe years 1794-97 the mortality 
was much greater ; the most unhealthy regiment in the plains lost 333; the 
most healthy, 45°4 por 1000 of strength ; at the hill station of Maroon Town 
(2000 feet), the mortality was, however, only 15°6 per 1000. In the years 
1817-36 the mean mortality was 121°3; the mean of the four healthiest 
years gave 67, and of the four unhealthieat years 259 per 1000. The causes 
of death in these twenty years were— 


Fevers, . - «+ + 101-9 per 1000 of strength. 
Lung diseases, -  s 75 3 
Bowel complaints, . ‘ 5°] - 
Brain disonse, . ‘ ; 26 ge 
Liver diseases, CO 1 - 
Other complaints, . . 33 ~ 
131 § 2 
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The admissions in these years were 1812 per 1000 of strength, In 
1887-55 the following were the mean results :—Mortality per 1000 of 
atrength—white troops, 60°8 ; black 38°32. Admissions per 1000-— 
white troops, 1371; black troops, 784. that the mortality had declined... 
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An increase in admissions and mortality occurred in 1865 and 1866, owing 
to the exposure of the troops in the time of the negro disturbances, and their 
aubsequent partial location on the plains. 

Before this period Jamaica contrasted favourably even with home servico, 
and particularly so with India. 

A decrease of admissions in 1859-64 was chiefly owing to the compara- 
tively emall number of cases of paroxysmal disease ; a decline consequent on 
the removal of most of the troops from the plains (in 1859 Newcastle gave 
29°1 admissions, aud Port-Royal, on the plain, 443-5 per 1000 of strength, 
from malarious disease). In 1863 some white troops were sent to Up-Park 
Camp, and furnished a large number of malarious cases (547°6 admissions per 
1000 of strength), while at Newcastle they were only 48 per 1000. The 
decrease in the mortality in the years 1859-64 was owing to lessened fever 
and dysentery. Among the black troops there is now greater sickuess and 
mortality than among the whites; the mortality in 1837-55 was 38:2 per 
1000; in 1859-65 it was 27°33; in 1866, 23°03 per 1000; in 1875 it 
was only 14°67. There is among these troops a large mortality from 

xyamal fovers, phthisis, and diseases of the elimentary canal; and it is 
evident that their condition requires a close examination, 

The mortality of the white troops shows a marked increase with age, 

The following seem to be the most important points connected with the 
white troops which require notice. 

It is impossible to avoid paroxysmal fevers without placing all the troo 
in the hills, and it is very desirable Newcastle should be made the only 
station for white troopa. 

The possibility of yellow fever occurring at an elevation of 4000 feet was 
shown by the appearance of yellow fever at Newcastle in 1860 and 1867. In 
1860 occurred the remarkable instances of contagion on board the ships 
“<Toarus” and “Imaum” described by Dr Bryson. Whether yellow fever 
waa imported into Newcastle or not wae a subject of discussion; it certainl 
appears probable that it was carried there ; tat the important point for us is 
that mere elevation is not » perfect security. There were, however, only » 
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small number of cases. In 1867, when yellow fever again con at 
Neweaatle, it was imported, apparently, from Kingston and Up-Park Camp, 
In the returns for a number of years, cases were returned es “ continned 
fever ;” it had never been clearly made out whether or not. these were cases 
of teas fever until 1873-4, when a sharp epidemic occurred at New- 


Formerly there was a large number of cases of phthisis; phthisis is now 
uncommon; in 1817-36 lung diseases (almost entirely phthisis) caused 7-5 
deaths per 1000 of strength, or more than in England. In 1859-66 the ratio 
was only 1°42 per 1000 of strength ; and in 1861, out of 636 men there was 
not a single death, though four men were sent home with consumption. In 
1865 there was no death ; eight men were sent home. 

At Newcastle there occurred for some years an excess of affections of the 
alimentary canal, chiefly indigestion ; at present these have lessened, but it 
would be important to make out the cause, In 1860 there was not a single 
admission from dysentery at any station. 

In the worst times in Jamaica it was always remarked that there was rather 
a singular exemption from acute liver disease ; very few cases appear in the 
returns under hepatitis ; whether this is a matter of diagnosis, or whether 
there was really an immunity compared with India or the Mauritius, is 
question of great interest which cannot now be solved, At present, liver 
disease unconnected with drinking is uncommon. 

There is still too much drinking, and the medical officers have strongly 
advised the issue of beer instead of the daily dram. 

Venereal diseases have never prevailed much in Jamaica ; they have caused, 
on an average, from 70 to 90 admissions per 1000 of strength. In 1862 there 
were only 47 admissions per 1000 of strength. On an average in 1859-65, 
enthetic diseases gave 118 admissions per 1000. This is owing to the connec- 
tion usually formed between the black women and the soldiers, and to a 
lessened amount of promiscuous intercourse. 

The history of the years 1865-67 shows that the groatest care and the most 
judicious arrangement of the men is necessary to guard against @ recurrence of 
the old evils. 

The black troops give a mortality of 24-6 per 1000 (mean of 10 years, 
1861-70), especially from phthisis. 

TRINIDAD. 

Strength of garrison, 200 men. Civil population (in 1871) about 110,000. 

Gevlogy.—Tertiary formation of Miocene age ; central range of hills is an 
indurated formation of Cretaceous age ; the northern littoral range consists of 
micaceous slates, sandstones, limestones, and shales, The highest hill is 3012 
feet ; the central hill (Tamana) is 1025 ; {th of the island is swampy. - 

Olimate.—Temperature of the plains : Mean of year about 79°'3 ; coldest 
month, January = 78° ; hottest month, May = 81°°5 ; next hottest, October = 
80°'4, Mean annual fluctuation, 3°°5. The climate is therefore very equable 
and limited. There are, however, cold winds from the hills blowing over 
small areas. 

Hyyrometry.— Mean dew-point, 75°-1 ; mean relative humidity = 81 per 
cent. of saturation ; mean weight of vapour in a cubic foot= 9-4 grains; most 
humid month is May, os fer as the amount of vapour is Month 
with greatest relative humidity, August. . 

Winds from east to north-east and south-cast West winds rare, and 
oppressive, i es 

Rain on the Plaine about 60 or 70 inches. -Greatest reinfell in one day, 





feet above 


The St ne Tmnbealthy gia built at the principal 


outfall of the island; it is on a low and unhealthy ¥F it was 
so unhealthy aa to be scarcely habitable, but after wall and 
paved by Sir Ralph Woodford, it has beeome mush h ier. This wae the 
result of great sanitary efforts in a very unpromiszing locality, and should be 
@ leason for all climates. 

There is still, however, much malarious disease, dysentery, and at times 
yellow fever ; but this last disease has occasionally been very severe at St 
James’ Barracks, without a single case being seen in Port of Spain. The 
ascent of the malaria from the barrack plain is certainly more than 500, and 
probably as much as 1000 feet. 

Diseases of Troope.—The state of health has been and is very similar to 
that of Jamaica, with, however, a larger pe ‘seharpign iy former years both of 
phthisis and diseases of the stomach and bowels, chiefly dysentery. 

In the years 1817-36, the average mortality of the white troops was 106°3 
per 1000 of strength, and of these deaths there were— 


From fevers, q 6 e e e e a e 61% 
Lung diseasea, , : : ‘ ; 11S 
Diseases of stomach and bowels, ; ; 179 
Dropaies (probably partly malarious, partly reval), ‘ 77 
ag diseases pee sia eenpern) . 47 
Liver diseases, , ‘ 11 

All other diseases, P - 4 . : ; ‘ 18 
1063 

As in Jamaica, the statistics of the white troops of late years tell a wory 
different story. 


In 1859 there was an outbreak of yellow fever, and the deaths from discase 
rose to 84°27 per 1000. In the next gitige ears (ending 1866) the average 
number was 7°48 deaths from disease per In two years (1860 and 
1865) there were no deaths. 

Even in 1859, when the mortality was so’ large, there were only 10 deaths 
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and 63: adiisions'per 1000 of strength. Draaliney ae Ghana 
In 1860, out of 221 men, and in 1861, out of 225 men, there was nota 
single case, In 1864, out of 235 men, there was only 1 case. In 1865 there 
‘were no admissions from phithisis, Phthisis ia much less common, yet in 
nome years there js still too much of it, 

It is evident that if Dr Jameson's suggestion is acted upon, and the troope 
‘are removed to the hills, malarious fever will disappear, and yellow fever can 

prevented. In such a case, if the men will abstain from » this 
itland, which formerly killed rather more than 1 man in every 10 yearly, will 
be one of the healthiest spots in the world. 

The black troops are now less healthy than the white, having in 1859-65 
an annual mortality of nearly 20 per 1000, of which 18 were from disease. 
Their condition requires looking into. Of late years a very small number of 
black troops have been stationed at Trinidad. 

The invaliding from Trinidad is combined in the Army Reports with that 
of the other islands of the Windward and Leeward Commands, 


BaRBADOES, 


Strength of garrison, 500 to 600 men. Civil population ae , 162,042. 
Geology.—Limestone (coralline) ; sandstone (tertiary) ; ituminous 
ariel and coal (tertiary), clay in parts (especially in the hilly district called 


An open country, well-cultivated, no marshes except a small one at Graeme 
Hall, one mile to the east of St Ann’s Barracks. 

The country is divided into two parts: a mountainous district aan 
“Scotland,” and a lower country consisting of a series of five gi 
oe rising with some regularity one above the other, The highest hi ‘i 

ect, 

Climate of the Plain—Temperature: Mean of year, 80°; hottest month 
(October), 83°; coldest month (January), 78°; mean yearly” fluctuation, 5°. 
Climate equable and limited. 

Wind.—N.E., trade, strongest in February to May ; weak in September to 
November inclusive ; hurricane month, August. 

Rain. —About 56 to 58 inches, on an average, but varying a good deal in 
the autumn chiefly, though there is rain in all months, but much lesa, The 
dry season is from Decembér to May. 

Water. ok eae pearls pag wells ; it was riage Magentis At 
present water is & water com water is also 
collected in tank. is f ips 

Sanitary Condition.—St Ann's Barracks are placed above one and a half 
mile from Bridgetown, on the sea; the locality and the construction of the 
barracks have been much complained of, and a position in the hills advised.* 
Arrangements for sewering and the water supply were both formerly bad ; 
considerable improvements have been made, an since 1862, 80,000 gallos 
are supplied daily to St Ann's Barracks. It is a limestone water, 
taining carbonate of lime, but no sulphate of lime, and is samarkaliy roo 

from: organic matter, one leh hes ae 2) oe te ee a 
ttoope ate still too much crowded in barzacka, the allowance being under 600 
cubic fect. Since 1672 new latrines (Jennings’ pattern) have bean provided 

and the old ones closed. 
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1among Cieil, Poputation.—Yellow fever has appeared frequently, 
although the island aay egaeth It is not 20 frequent as formerly ; it 
— to be tarda me every four years. 
and Trinided contrast greatly in the freedom from marshes of 
Phpsgiet ropes of marshes and malarious diseases in the other ; 
yet Barbadoes has had as much yellow fever as Trinidad. 

Dysentery ‘was common emety partly from bad water; influenza has 
been epidemic several times. Barbadoes leg, or Blephantiasis of the Arabs, 
cle bobo fer map rosy, or. Elephantiasis Greecorum, is also not very 

Variola and Pertussis tire bon Gas to time been very bad. 

a eillary, | in 1766, described a “slow nervous fever,” under which term our 

Hap fever appears to have been indicated by most writers of that period. 
His description is not quite clear, but resembles typhoid fever more than “ry 
other. He also apeaks of “ diarrhoea febrilia” Can this have been typhoid 

Dracunculus was formerly very frequent, and Hillary attributes it to the 
drinking water, and states that there were some ponds, the water of which 
was known to “ generate the worm if washed in or drank.” 

Yaws used to be common. 

Colica pictonum was formerly frequent. 

Diseases of Troops.—Yellow fever has several times been very fatal. 

Scorbutic dysentery, arising from the wretched food, was formerly very fre- 
quent, and appears from Sir Andrew Halliday’s work to have been very bad 
even in his thine ne (1 823 to 1832). 


From 1817 to 1836 (20 years)— 
Average Mortality (white troops), 58°5 per 1000 of strength, 
Greatest 904°, ‘ (a Hai) 
Least ‘“ ; 18 - i‘ in 1823 


In 1817 there were 1654 men on the island, and yellow fever broke out. 
In 1823 there were only 791. 

Of late osiedert a all the other islands, the sickness and mortality has been 
Te aa 

In 1859-65 the total deaths were 6°98 per 1000, and in 1866 they fell to 
3°28 per ae y the which is only 3d the mortality of home service. The 
mortality of late years was in 1862, viz, 16°77; the average number. of 
admissions is about 1200. 

In 1864 there was an outbreak of a mild fever, termed “ remittent ;” the 
nature is unknown ; no case was 

The increased mortality of 1862 was owing to Php Bathe fever. It. ores tke 


first among the civil population in Bridgetown, and 
na peli ipo gs in felt ceed the men ‘were 
moved out and placed under canvas, with the best « A remarkable 


decions of Gis epdents was thst tan Ofiooes athe! la cams ead cane 
than the men, and had a mortality more than twenty-fold. The women also 
' guffered three-fold more than the men. Formerly the case would have been 
ee In 1861 here were only two déathe out of 787 men, one from 
paearnagme pele weit ao | akc a two deaths 
{aiarchola and phthisis) among | 





of the wppéaraniee of the disease, he seving in the cost of single opidemie 


arr the outlay. 
other ialan ds, the black troops are now such more unbodlth 
than the white, aad the 2 sanitary condition of their barracks and ° ‘theist food 


evidently require looking into. Phthiais and chronic dysentety are the chief 
diseases causing mortelity. The average of 1859-64 gave 1015 admissions 
and 2046 deaths per 1000 of strength. In 1865 there were’ 22-64 deaths per 
1000 of strength, or, excluding violent deaths, 20°49 ; of these phthiais caused 
14°34, or no less than 70 per cent. of total deaths. 


Sr Luca. 


Strength of garrison = 100 men, now usually black troope, Civil popula- 
tion (in 1871), 36,610. 

St Lucia is divided into two parts: Basseterre, the lowest and most culti- 
vated part, is very swampy ; Capisterre, hilly, with deep narrow ravines, full 
of vegetation. The climate is similar to that of the other islands, but is more 
rainy and humid. 

Diseases of the White Troops.—¥rom 1817-36 ; average strength, 241 ; 
average deaths, 30 = 122°8 per 1000 of strength. Of the 122-8 deaths, 63:1 
were from fevers, 39°3 from bowel disease, and 12‘5 from lung disease. 

Pigeon Island (a few miles from St Lucia) was formerly so unhealthy that 
on one occasion 22 men out of 55 died of dysentery in one year, and of the 
whole 55 men not one escaped sickness. The cause is supposed to have been 
bad water. Now Pigeon Island is considered health 

Although the mortality was formerly so great, Bt Lucia has been very 
healthy for some years, 

Tn 1859, mean strength of white troops, 96 ; admissions, 113, and there was 
a a single death, although, if the mortality had been at the rate of the 
twenty years ending 1836, 12 men would have died, 

Better food, some im improvement i in barracks, and the use of rain instead of 
well water, have been the causes of this extraordinary change, 

22 men were admitted with “ continued fever,” 18 with ophthalmia, and 
only 2 with venereal. 

In 1860 there was no case of dysentery and only two of diarrhos among 
100 men in this island, where a there would have been not only many 
meen but four deaths. Ohe man died from phthisis, or at the rate of 10 per 


In 1861, out of 94 men, there was one death from jaundice, or at the rate 
of 10°6 per thousand. 

In 1862, there was 88 men on the island ; one man was drowned ; there 
wan no death from disease. No case of jaundice was 

In 1863 there was 55 men, and one death from accident ; there were 64 
admissions, of which 15 were accidents. 
_ ‘Snvaliding.—In_ 1860-65 there was discharged from the Windward end 
Leeward Command 28°86 per 1000 of strength. 


—— Barts Guiana, (193,941 ——— 

No white f2oops are at present stationed at Demerara. | 
This station in the West Indian Command is is on, the resinlesid drtending 
from , the equator (pearly) to .10° N., 200 to 300 mites, atid, intend to'én ua, 


hei ‘fiat alluvial soil of and with vegetation: : 
"Bae water iil elo ly sod snd, coven Wh wpe = 


BRITION GUIANA. 645 
and an Artesian well; the water from this well contains a good deal of 


iron. 
Trade winds fom N.E. and E. for nine months. In July, August, and 
ga capa orem mea bina faa This is the unhealthy secson, 
wot seasons, January and June ; the last ia the longest. 
Temperature of summer, 86° ; of winter, 82°. Rain about 100 inehes. 
Formerly there was an enormous mortality among the troops from 
oo scorbutic dysentery. The men used to have salt meat five times a 


w 
The climate is most highly malarious, but this does not cause much 


mortality. 

Yellow fever has prevailed here several times. On one occasion (1861) the 
troops were moved out and encamped at some distance from Georgetown ; 
ad escaped gta mild cases only), although they were on a swampy plain. 

n 1817-36, the average deaths were 74 per 1000 of strength. 

In 1859, out of a mean strength of 143, there were 156 admissions = 1091 
per 1000 of strength ; 2 deaths = 139 per 1000 of strength. Ono death from 
apoplexy, one from drowning. The deaths from disease were only 6°9 per 
1000. Of the 156 admissions, no less than 81 were from malarious disenee, 
or at the rate of 519 per 1000 of strength, or nearly one-half the total 


ons. 

In 1880, 1861, and 1862, the admissions from malarious disease continued 
high (673, 1380, and 1104 per 1000 of strength), the mortality was very 
emall, being only 6:6 per 1000 in each year ; in fact, the single death in 1860 
and in 1861 was in one year from “acute hepatitis,” and in the other from 
rier In 1862, in spite of the immense malarious disease, there was no 

ea 

Subsequently to 1861 it appears that scattered casea of follow fever 
occurred among the shipping, and in the town every year; in 1866 there was 
an outbreak among the white troops. In eight weeks 16 deaths occurred 
among 72 men, or 22 per cent.* 

Some important lossons are drawn from the medical history of this station. 
It has been shown that even in a highly malarious country yellow fever may 
be evaded by change of ground, although the men are obliged to encamp on 
aswamp. Another remarkable point is the very small mortality attending the 
paroxyamal fevers. It would be very interesting to know the future history 
of such men, but it cannot be doubted that the lessened mortality since former 
years must be owing to better treatment. 

The extent of malarious disease shows how desirable it would be to avoid 
— barig troops laaeni : rarer 

n ch Guiana, Dr Laure, besides malarious fevers, descri i 
fever to have been for some short time after the arrival of French olitical 
prisoners after the coup d'état of 1851. It then disappeared. 

° in 
wo ee, ag NaS 


his evidence (Report of the Commissioners appointed to Inquire into the 
: Demerara in 1866, p. 35) that the casos in town were “ very few “at 
the 
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as tack aeons pe garrison ct aa mtr te 
a same-as in the other stations, the amount of 
In 1862, at tho Bahamas, there were no lees 
Othiais och of a vinength of 459, or at the rate of 9°1 per a4 dei ft 
thers were also 3 deaths from agree oo from pleurisy. In ‘the year 
1859-66 ny average deaths tubercular diseeses per 1000 men, were 
sta yearly, and from other diseases of the lungs, 5°86 ; out of 100 deaths 60 
tres Cesataa tt tha Iss This is evidently a matter for careful inquiry. 
at a among the black troops, the deaths from tubercular disease, 
in 1859-66, were 4°04 per 1007 of strength. 


SECTION IIL 
BERMUDA. 


ae 7 of garrison about 1108 to 1300 men. Civil population (in 
1871), 15 
Climate. —Hot, equable, and rather limited, 

Temperature.—Mean of year, 74°; hottest month (J uly), 83°°5 ; coldest 
month (February), 64°°5 ; amplitude af yearly fluctuation, 19°-0, 

The sanitary condition was former! very bad; there were no sewers, and 
no efficient dry method of removal Now matters are mach improved, and in 
1875 the health of the troops was reported excellent, Rain water is used for 


’ 
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Diseases of the Troops. 









1817-86, 
1837-46, 
1861-70 (10 10 years), 
1867 (h cat sale | 
low fever year), 
1960-74 (ten yes ) 18-97 
1875,... 0. 20°07 
This history of the West Indies may be applied to Bermuda, though, with 
the exception of yellow fever years, it saree showed the greai mortality of 
the Weet Indies. There is no great amount of paroxysmal fevers ; in ten 
ere ell there were only 29 admissions out of an aggregate strength 
P men 
Yellow fever vailed seven times in this countey—vis, ix 1619, 
1887 1843, yet at 8, 1856, and'1864. ia 
The the yellow fever in 1864 is given in detail by Dr: ve;* 
; The jotal teortaliio® wes 14 officers, 173 men, S ‘women, and 4 children. 
The deaths to etkength were, among the. officers, 180, and nn of | 
149 per cent, i asc a agate rd paserh 


CRIN ARACEAE, 


‘The town of 8 “George's, in in Bermuda, presents every local condition fia 
the spread of yellow fever ; the town is quite ansewered esd; badly supplied wittt 
water ; badly built, a 
“Dandy fever,” ‘ot break-bone (Dengue), has prevailed several tines, : 

“Continued fevers” = doubt in part typhoid) have always prevailed 
more or less at Bermu Tn the tan years (1837-46) they” gare 1006 
admissions out of 11,324 men, or 88 per. 1000 of strength, being much 
greater than at home. 

In 1859 there were only 11 cases of “continued fever” out. af 1074 men; 
but in 1860, “ continued alg aden severely (209 cases in 1052 men). 
It was of ‘a mild tle mortality. It ‘was probably not 
typhoid, but I have aalley a efits of ita nature. It prevailed in 
September, October, and November. Was it mild, bilious, remittent, or 
‘relapsing fever?” It is said that the drainage was defective at Hamilton. 

In 1866 there was decided typhoid fever, and a considerable mortality, In 
1875 there were 5 admissions recorded and } death in 1902 men. 

Formerly tuberculous diseases caused a considerable mortality. In the 
1817-36, diseases of the lungs gave a mortality of 1 less than 8-7 per 1000 
of strength. In 1837-46, the lung diseases gave a yearly mortality of 8'3 
per 1000 of strength. Of late years the amount hes decreased. The 
adinissions and deaths reapectively were 10°5 and 2°6 in the seven years 
1859-65. In 1870 the deaths from phthisis were 1°57, and in 1871 no less 
than 5:19 per 1000 of strength ; in 1875 they were 1:58. 

Diarrhoea and dysentery were also formerly very common, but of late years : 
there has been a great decrease, Diseases of the eyes are common. 

There has always been much intemperance, and a large number of deaths 
from delirium tremens, This was the case even in 1866 ; there were no Jess 
than 5 deaths out of a total of 28. 

Venereal diseases have averaged from 55 to 80 per 1000 of strength. 

In considering the sanitary measures to be adopted at Bermuda, it would 
seem that drainage and ventilation are still most defective, and that means 
should be taken to check intemperance, If yellow fever occurs, the measures 
should be the same as in the West Indies, 


SECTION IV. 


AMERICAN STATIONS. 


Sus-Srotion L—Canapa.* 


The usual garrison used to be from 3000 in profound peace, to 10,000 or 
12,000 in disturbed times. In 1871 the troops were withdrawn from Canada 
and concentrated at Halifax. 


Lowsr Campa. 
Chief Stations—1. Quebec (59,699 étnhabitante), | . 
Temperature,——Mean of year, 41° ; a (July), 71°23; coldest 
Ganuasy), It’, Annual fluctaation, 60 | ae 
undulations of ae In the winter, sometimen, 
eave 0 ngs of 30 2 a ees in 24 hotiea, from: the 
fell. 70° in 13 houm, ame Hr ei 


? the Caden eae, W, Maire Bie i : 
irny tote rion Bk oe : ie 
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The meen temperature of the » thos summer sont is €9"; winter months, 
12°°8. The climate is “extreme” and variable. 
Rain.—-About $6 to 40 inches, The sir is dry in the summer, and again 


in the of ‘winter, 
jes ah Serge Silurian rocks, No ague is known, though the 
lower town is damp. 


Amonnt of cubic space small, Casemates in citadel very bad, dam, fil 
ventilated, il lighted. 
2, Montreal (107,225 tnhabitante). 


Temperature.—Mean of year, 44°-6 ; hottest month (J*>y), 73°'1; coldest 
(January) 14°'5. Annual fluctuation, 58°6. The undulations are very great, 
though not so great as at Quebec. 

Mean of the three summer months, 70°8; of the three winter months, 
17°'2. 

Rain.—36 to 44 inches, 

Barracks.—Bad ; very much overcrowded. 

In Lower Canada are€lso many smaller stations. 


Uprsr Canada. 


Chief Stations—1. Toronto (70,000 inAabstants), 


Temperature,-Mean of year, 44°°3; hottest month (July), 66°-8 ; coldest 
(February), 23°:1. Difference, 43-7. ” Great undulations. 
Rain.—31°5 inches, 
The town stands on ground originally marshy. Tho new barracks are built 
on paneer rocks of Silurian age. Average cubic space, only 350. 


Intermittent fevers among the civil population ; not very prevalent among 
the troops, 


2. Kingston. 
Temperature. Mean of year, 45°°8. 
Malarious, 


London, Hamilton, and several smaller stations—Fort George, Amherstberg, 
&e,—were also occupied at ane time. 


Diseases of the Civil Inhabitants. 


Formerly ague was vearalhc ia paar wrens dp teipeg Saat ape air it 
is now much less. ES Miscicedl acs wed bo oen now is much Jeas 
Sea Soop It prevails from May to October, and is worst in 
the isothere (m omen summer temperature) of 65° be the limit of 

malaria, both Quebec and Montreal are within the limit; yet the winter is 
too severe, and the period of hot weather too short, to cause muoh 
ment of malaria, 

Sah cry thong wate very healthy, and ‘thas been so from the 


a though, the countey was firet settled, there was mich 
ia sometimes seen. Typhus has been often carried in etigeent . 
ect eee srrancaclogg al 


Yellow fever dics out. Coneunption is BS 
Wah ie mbitul whether they-are moch sate comthion thah elawwhers. | 
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CANADA, 048 


Years 1817-36 (20 ).——-Admissiona per 1000 of m 1097 ; 

sia et a tnd ct gh 

ears years). — ms per ; 
~~ sick per 1000 of strength, 39°1; mortality (violent deaths 
excluded), 13 ; mortality with violent deatha, 17°42. 

The mortality was made up in of-—fever, 2°18; lung disease, 7°44 ; 
stomach and bowels disease, 1:11 ; brain disease, 1°28 Nearly two-thirds of 
the fevers are returned as “ common continued,” probably typhoid. 

Venereal admissions, 117 per 1000, 

Eryai was epidemic at Quebec, Montreal, and Toronto in 1841; at 
Mon in 1842, from bad sanitary conditions. 

The following table shows the mean of the later years :—- 


Loss of Service per 1000. 
Days in 
Admis- [Mean Hospital 
sions, Bick, to wath 
Sick Man. 











eco | 80°36 | 17-14 
6798 | 89°15 | 17-8 





These numbers show, what indeed is apparent in all the records, that 
Canada is a very healthy station. 

The amount of phthisis has always been smaller than on home service, and 
regiments of the Guards proceeding from London to Canada have had on two 
occasions a marked diminution in phthisical disease. 

In this respect, also, Canada contrasted formerly with the West Indica, but 
of late years the decline of phthisis in the West Indies has lessened the 
— ity of Canada, 

@ comparatively amall amount of phthisis is remarkable, as the troops 
have at times been very much crowded in barracks, They have now the home 
allowance of space (600 cubic feet). 

isis haa declined considerably with improved barrack 


On. 

In the 20 years, 1817-36, the annual admissions were 6°5, and the deaths 
422,per 1000 of 

In the years 1859-65 the admissions from the whole tubercular class were 

8 3, and the deaths were 1°67, per 1000 of strength.* It is curious to ob- 

te:ve that this diminution has been coincident with a similar change-at home.t 

* Med. 

al ee ein eit ere, Me te et Me 

set tts ln are Ure pel ive tom of wlssommasds ass om 


to , 
os of es (iow peamaptive lnvallcy 2 Stadia, Dernady oe Canada, the Re- 
bey ee a a ivy intensity of cold 
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The acute lung effections, pneumonia, and scute bronchitis, appear formetly 
ry tag gn one prevalent im, Canada than y are now, - 
The following table gives the mean and extremes for 8 years (1559-66) > 





| Per 1000 of Strength. | 
Pneumonia—Mean, . . . 12°24 8576 
. Highest, . . . 15:33 1-996 
Lowest, .  . 791 “411 
‘Acute bronchitis—Mean, . . 4267 - ‘309 
Highest, . . 49°79 719 
Lowest, . . 28°48 092 
Average of the mean of both, . 27°45 ‘5833 


If this table is compared with the similarly constructed table (at page 615), 
showing the prevalence of these diseases at home, it appears that both pneu- 
monia and acute bronchitis are rather more fatal in Canada. Both together 
gave a mortality of ‘856 per 1000 at home, and 1:166 per 1000 in Canada. 
The admissions from pneumonia are also higher, but those from acute bron- 
chitis are one-third less than at home, showing that the common catarrhal 
affections are probably less frequent in Canada. On the whole, however, the 
influence of the severe climate and the exposure on guard in Canada produces 
leas effect than might have been antici 

“ Continued fevers” (probably enteric) almost yearly give some mortality ; 
the mean being about ‘6 per 1000 of strength. This is actually more than 
on home service, and depends probably on the difficulties connected with 
drainage. A good dry syatem is the only plan which can be depended on in 


a. 

The great healthiness of Canada in part probably depends on the fact, that 
the extreme cold in winter lessens or prevents decomposition of animal matter 
and the giving off of effluvia ; hence, in spite of bad drainage and deficient 
water, there is no very great amount of fever. In the hot summer, the life is 
an open-air one. Even in winter the dry cold permits a good deal of exercise 
to be taken. 

The amount of drunkenness and delirium tremens in Canada used to be 
great. In 1863 no less than 9 out of 96 deaths, or nearly one-tenth, were 
caused by delirium tremens. Violent deaths also are usually large, drowning 
giving the largest proportion.” 


The sickness and mortality of Nova Scotia and Newfoundland are almost 
identical with Canada, and they are now included in the returns under the one 
head of “ Dominion of Canada.” Both stations have always been considered 
very healthy, There is some typhoid fever at Halifax, and at both: places. 
there was formerly much drinking, but that is now leas. In British , 
where there is a small garrison of 100 to 150, the health is also. extremely 





SECTION V. 

oy AFRICAN STATIONS. | 

DO Sup-Sscnon L—Sr Haren. oe. 
Pcie 700. In 1875 only 183, Civil population (in 3872), 
Sl vary lta hie enal sind hn been gubond by » oll cone (Bt 
Hidlena Regiment). 
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The island has always ‘been healthy ; seated in the trede-winds, thare is 8” 
tolerably constant hreese from ‘south-east. The average mortality in the year 
1859-66 way 9°75, or without violent depths, 7°85. In 1867 the mortality 
from disease was only 5°24. In 1875 almoat the same, viz, 5'41. There is: 
very little malarious disease (about 50 to 60 admissions per 1000 of strength), 
Dee eee bes ervey oe ey cases of * continued fever,” aud 
dysentery and diarrhcea are us i ! | 
ee 
decline of thi disease, as in so many other stations. 


tr 
8: os 
es, 


Good Hope, 
Sup-Sxcrion I.—Wesr Coast or Arnica.* 

The principal stations are Sierra Leone, and Cape-Coaat Castle. 

The station of Gambia has now been given up, and troops are no longer 
stationed ly at Lagos (500 miles from Cape-Coast Castle, and occupied 
in 1861). 1875 Sierra Leone, Cape-Coast, and Accra were occupied, and 
Elmina for a short time. No white fork are employed, except during war- 
time, as in the Ashanti campaign of 1873, 

Sterra Levne, 

Strength of garrison, 300 to 500 black troops, with a few officers and non- 
commissioned officers, Civil anaes (in 1872), 37,089. Hot season 
from May to the middle of November ; Harmattan wind in December; 
evil, red sandstone and clay, very ferruginous. There are extensive mangrove 
awamps to N. and 8S, Water very pure. The spring in the barrack square 
- contains only 3 to 4 grains per gallon of solids. 

This station had formerly the reputation of the most unhealthy station of 
the army. Nor was this undeserved. 

From 1817 to 1837 (twenty years) there were yearly among the troops— 

Admissio . 2978 per 1000. 


_& 


annually. 
Te: chal Abacus aneue wiatuciovis oveea, Whleh: ouneed saath absieneaay’ bak 
no great mortality ; and yellow fever, igo a nse mortality. 


, Chiefly scorbutic, wae 
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Eventually, all the white. troops were removed, and. the place has since 
pisagy © parr tion of Sierra Leone (civil and military) has not been mote than 
from 100 to 900 | eo 


The groat sickness and mortelity being attributable, as in 40 many other 
cases, chisily to local causes and individual faulta, of late years - 
have bean comparatively healthy ; although from time to time fatal epidemics 
of yellow fever occur. They are, however, less frequent and leas fate} than 
formerly. The position of the barracks has been altered, and the food. is much 
better. One messure which is supposed to have improved the health of the 
ce, is allowing a species of grass (Bahama Grese) to grow in the streeta. 
eg of the adjacent houses are obliged to keep it out short, and in 
er, 

During the four years, 1863-66, there died 8 white non-commissioned 
officers, in the whole command of the West Coast, out of an average strength 
of 25, or at the annual rate of 80 per 1000 of strength. Three of the 8 deaths - 
were from liver disease, two from delirium tremens, two from fevers, and one 
from dysentery. In 1867 two serjeants died, out of 15 white men—one from 
apoplexy, one from delirium tremens, 

Among the black troops serving in Sierra Leone and the Gold Coast, the 
returns of the ten years 1861-70 give 1283 admissions and 22°49 deaths per 
1000. In 1871 the deaths were 153 per 1000 from disease, Among the 
causes of death, tubercular diseases hold the first place, amounting to 7-05 per 
1000 of strength. In 1862 phthisis amounted to no less than 12°6 per 1000 
of strength, and constituted 43-7 per cent. of all deaths from disease. There 
were also 9°46 per 1000 of strength deaths from pneumonia. In 1863 the 
deaths from phthisis were 9°3 per 1000 of stre and made up 36:3 per 
cent. of the total deaths, In 1867 the tubercular deaths per 1000 of strength 
were 17°71 in Sierra Leone, 15°87 at the Gambia, and 12°58 at the Gold Coast 
and Lagos together. It seems clear, indeed, that in all the stations of the 
‘West India corps (black troops), the amount of phthisis is great ; in fact, the 
state of health generally of these regiments requires looking into, as in the 
West Indies, 

In 1862 there were only five cases of intermittent, and eighteen of remittent 
fever among 317 negroes, 

Tn 1861 some of the troops from Sierra Leone and the Gambia were em- 
ployed up the Gambia against the Mandingoes, and also against the chiefs of 
Quist. In 1863 and 1864 the Ashanti war prevailed. All these wars edded 
to the sickness and mortality, a0 that these years are not fair examples of the 
influence of the climate. ; 


Gambia. | 

-No troopa have been quartered here of late years, and it has been in o 

te ober, the dinking-aer a bed; ll rack nd sovage arenes 
inking-water is bad ; sewage 

are imperfect. Yellow fever from time to time is very destructive, 1859 
two out of four European perjeanta, and in 1860 three medical officers, died 
1160°8, and ‘the deaths 29:97 per 1000 of strength. = een ca 

Aa at Siorte Leona, phthisis and other diseases of the lungs caused « laxge | 
mortality among ‘the tiegrees. In 186] phthisis give five deaths out ef-s | 
strength of 421, or at the rate of 116 per 1000 strength; ard pieumonis 

gave. four deaths, and.aonte beonchitie hres, ce (togethes at the ashy of 16°24 





Was Cosi om ania, 


i nfluencing dicially are here in action, It 
is probably to be found in tad ventilation of the yan rage 
Piss oc few white residents at the Gambia, diarrhoa, dysentery, and 
appar to be common. These, in part, arise from the bad water ; 
in part ge greta dietetic errors (especially excess in quantity), and want of exercise 
attention to ordinary hygienic rules, | 
Cape-Ooast Castle (Gold Coast). 
Garrison, 300 to 400 (black troops). 
This station has always been considered the most healthy of the three 
peoeies places, It is not og malarious as even Sierra Leone, and much 
ess so than the Gambia, and has been much less sa pe ls attacked with 
yellow fever. Dysentery and dyspepsia are common diseases 
white residenta. Among the b troops the prevalence of hia 
pneumonia, and bronchitis is marked, though less so, perhaps, than at the 
other two stations. 
One peculiarity of the station is the prevalence of drecunculua This is 
uncommon at Sierra Leone, and at the Gambia. It is, on the other hand, 
very frequent at Cape-Coast Castle. 


Admissions from Guinea-Worm, per 1000 of Strength. 








‘ GARRISONS. 1860, 1861. 1862. 1863. 
Sierra Leone, . . . . 2°6 is see 11°62 
Gambia, >. oe «+ 6 £4 oss aor eve oan 
Cape-Ooast Castle,. . . 246 285 118 13°8 
Lagos, . «6» + = sae ase 88 ie 


The investigation of the cause of dracunculus at Cape-Coast Castle is one 
which would well repay the trouble, so abundant is the material of observa- 
tion ; it would probably clear up the atill doubtful points on the mode of 


ingress. * 
Hygiene on the West Coast. 


ieee nara prerelease rales will do much to lessen 
the sickness and mortality of this climate, rosea baad Hr 
men have been contented to lay their own miadeeds on the climate. .Malaris 
has, of course, to be met by the constant use of during the whole 


period of servica8 The other rules are. in the fo 
quotation from Dr Robert. Clarke's pape and. when we roll that he 


extract expresses the opinion of s most | 
cllinate, we ‘noust allow that, not cal he Went Same : 





* Good health may be enjoyed by judicious sttention. to -a few 
simple rules. In the rank should be put temperance, with reyular 
and industrious habita. European residents on the Gold Coast are too often 
satisfied with wearing apparel suited to the climate, cateperirap, aaphae spire 
exercise in the open air is just as necessary to preserve health i 
Europe. Many of them Hkewise entertain an impression that the sun’s rm; 
are hurtful, whereas in nine cases out of ten the mischief is done, not by the 
gun's raya, but by habits of personal economy. Feeling sadly the wearisome 
sameness of life on this part of the coast, recourse is too frequently had to 
stimulants, instead of resorting to inexhausting employments, the only safe 
and effectual remedy against an evil fraught with such lamentable con- 
sequences. Europeans also bestow too little attention on ventilation, far more 
harm being done by close and impure air during the night than is ever 
brought about by exposure to the night air. 

Much of the suffering is occasioned by over-feeding.” (P. 124.)* 


Sup-Srorion ITI,—Cars or Goop Hors, 


Garrison, about 3000 men. 

The chief stations are Cape Town (about 45,000 inhabitants), Graham's 
Town, King William’s Town, Port Elizabeth, Algoa Bay, and several small 
frontier stations. At Natal there is also a amall force. The climate is 
almost everywhere good; the temperature is neither extreme nor very 
variable; the movement of air is considerable. 

At Cape Town the mean annual temperature is 67°, with a mean annual 
range of about 38°. 






1860-69-—(10 a 
1869-74-—(5 years), oe 
+1875, >», ee ¢® @ @®  @ © 





Malarious diseases are very uncommon. Continued fevers (probably 
typhoid) are seen and are rather common, though not very fatal. In 1859-66 
they gave a mortality of 1:25 per 1000. In 1869-74 only 0°35 per 1000. 
In the earlier periods dysentery and diarrhoea were very common; they ate 
now less so; in many cases, especially in the small frontier stations, they 
were clearly owing to bad water. 

Ophthalmia has prevailed rather largely, especially in some years; there 
to this ; the disease is probably the specific ophthalmia (grey granulations 
and is propagated by contagion, Whether it hed its orig any catarrhal 

* Conciterable interes in thie part of she work was soused ty the ocourrence of the Aghaat 


for ax wimirable acoount of which see the Army . 
belgie whet Home gives a fall medical history of the operations carried on. Caner pep 
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eondition produced by the wind end dou, and then booms exaagious bc 
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mr gh caer sn numerous cases of muscular’. 


. prevalence 7 
the expo and rg acobengp ean hill districts during the 
 Daking the . me 1850-66 an” tabaci tolerably tas! ae Say 

the years as expressing irly the effect, per sa, 
of the station, we find that the whole colony gave 18°38 admissions and 1-90 
deaths per 1000 of strength from diseases of the circulatory organs. In 
1869-74 the admissions were 13:1, and the deaths 1°68; in 1875 they were 
18° 1 and 1°45 respectively. 

Dr Lawson* has lately contributed a valuable paper on this subject, He 
finds the death rate from diseases of the organs of circulation (mean of sevén 
years, 1859-85) as 1:91 per 1000 of bh. This is higher than at any 
other foreign station, as will be seen from the table copied y Dr Laweon. 


Mortality from Diseases of the Circulatory Organa, 


pry tel 1000 Ratio per 1000 Ratio per 3000 

of Strength. of Strength. ‘of Strength. 

Cape of Good Hope, 1'91} Bombay, . . . ‘80| Malta, ... . ‘58 

New Zealand, . 1:18! Bengal,. . . . °86/} Gibraltar, . . . ‘70 

Australia, . . . 1:72 {South China,. . 1°16] Bermuda, . ¥ , 1:25 

Mauritius. . . .'53 | West Indies, . . 1:02 | Nova Scotia, . . ‘84 

St. Helena, . . °31| Jamaica, . . . ‘85 | Canada. » . 119 

Ceylon, . . . Illl|Ionia, . .. . 84|/Home . . . . 03 
Madras, . .. 1:12 


This table shows an extreme diversity, hardly to be reconciled with 
differences of climate or duties. In the years! 1869-74 the death rate was 
1°68, and was exceeded by that of the Mauritius, 2:29, and that of 
1-99. In 1875 the rate at the Cape was only 1°45, “while Ceylon sho 
3°87, Bermuda 2°63, and Madras 205 ; Mauritius returning no death, 

Scurvy formerly " prevailed much at the Cape, particularly in the Kafr 


wars, 

Venereal diseases have of late years have been very common. The average 
admissions from “ enthetic ” diseases in 1859-66 were 248°5, and in 1867 
they were agree 1000 of strength in the whole colony. In Cape Town 
alone, where ities for promiscuous intercourse are greater, they are even, 
more numerous.t Some diminution has taken place in recent 

The Cape has always been considered a kind of sanitarium for India. Its 
igereneare the rapi rhage tiscpbadh the air, the brightness and clearness of 


atmosphere, an her eovep malaria, probably cause ite salubri 
1 han besn eeppose tt t be well to send troops to the Cape fortwo 
ot three yours re on to India. This plan has, I believe, 


sewer bean pefoly tee in the case of regiments sent on hurriedly to 
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SECTION VL » 
MAURITIUS, 


Geitisin, bot 1500 to 2000 men, Civil pci (in pte 244908, 

Manuritita in the eastern has been often compared with Jamaica in 
western seas. The geographical position as respects the equator is ding 
dissimilar ; the mean annual temperature (80° Fahr.) is almost the same ; the 
fluctuations end undulations are more considerable, but still are not exccasive ; 

the humidity of air is nearly the same, or perhaps a little leas ; the rainfall 
(68 to 76 inehea) is almost the same ; and the physical f forination is really not 
very dissimilar. Yet, with all these points of similarity in climatic conditions, 
the diseases are very different. 

Malarious fever was formerly not nearly so frequent as in Jamaica, and true 
yellow fever is quite unknown ; Mauritius, therefore, has never shown those 
epochs of great mortality which the West Indies have had. Hepatic diseases, 
on the other hand, which are so uncommon in the West Indies, are very com- 
mon in the Mauritius. For example, in 1859 there were 47 cases of acute 
and chronic hepatitis in 1254 men, while in Jamaica there was one case out 
of 807 men. Ta 1860 there were 31 admissions from acute itis out of 
1886 men ; in Jamaica, there was not a single case. In 1862 were 13 
cases of acute, 11 of chronic hepatitis, and 72 cases of hepatic congestion, out 
of 2049 men ; in Jamaica, in the same year, there was only 1 case of acute 
hepatitis out of 703 men. This has always been marked ; is it owing to an 
error in diagnosis, or to differences in diet? It can scarcely be attributed to 
any difference in climate. In 1863 the difference was less marked, but was 
still evident, In later years, however, there has been considerable diminu- 
tion : in 1872 there were only 4 cases of hepatitis, and in 1873 only 2. Since 
that year no detailed statistics have been published. 

In 1866-—67 a very severe epidemic fever prevailed in the Mauritius, which 
offers many pointe of interest. As already noted, the Mauritius has till lately 
been considered to be comparatively free from malaria, All the older writers 
I have consulted state this, and it is apparent from all the statistical returns, 
Deputy-Inspector Dr Francis Reid, in 8 late report,* mentions that he had 
served ten years in the Mauritius, and had ed over the records of the 
troope for abe grh years. He found some records of intermittents, but he 
traced to foreign sources, viz, troops coming from India, China, or 

aa and presenting cases of relapses. 

or the first time, in the latter months of 1866 and the commencement of 
1867, erage fevers of undoubted local growth appeared on the western 


island. 
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tock, which forms a great deal of the western seaboard. In 1866-67 there 
occurred an unusdally hot season, and again a deficient rainfall. This seama- 
% have brought into sotive operation the conditions which era Deve gadinaliy: 
increasing in intensity for some Lhe development of the in Was 
—— the regular ground as on the loose contaminated soil’ 


eed. 

That the fever which in 1866-67 became so general was of malarious type, 
is proved by a large amount of evidence on the spot from both military and 
civil practitioners, and from the fact that many soldiers returned, to England 
and had at home relapses of decided ps aap fevers. Dr Maclean alao in- 
forms me that he has seldom seen spleens so enlarged as among the invalids 
from this fever, who arrived at Netley. 

But in some respects this fever presented characters different from common 
paroxysmal fevera. There was no very great mortality among the troops, but 
it was excessively fatal among the inhabitants of Port Louis and many other 
towns and villages. It also lasted for many months, and was attended in 
many cases with symptoms not common in common paroxysmal fevers, viz, 
with yellowness of the skin and with decided relapses, closely resembling in 
these respects the common relapsing fever. Mixed up with it also was de- 
cided typhoid fever. The question whether the great bulk of the epidemic 
was a purely paroxysmal or malarious fever, with an independent subordinate 
outbreak of typhoid fever, or whether .it was a composite affection like the 
** typho-malarial fever” of the American war,* or was mixed up with the 
contagious “ Indian jail fever” imported by Coolies, is not a matter very easy 
to decide. The officers best qualified to judge (Drs Reid, Small, and 
Power) look upon it as a purely malarious disease, and have expreased them- 
selves very strongly on this point. f 

This much seems certain, that in various parte of the island the loose, 
porous, shallow soil had been gradually becoming more and more impure with 
vegetable matters, and in some cases with animal excreta; that there had 
been a gradual diminution of the subsoil water, and that this reached its 
maximum in 1866, when the rains failed, and the hot season was prolonged. 
There coincided, then, an unusual impurity of soil, lowered subsoil water, 
consequent increased access of air, and heightened temperature. Under these 
conditions, a usually non-malarious soil gave rise to an epidemic fever, which 
was characterised (chiefly at any rate) by the symptoms referred to the 
action of marsh miasmata, and was curable by quinine. The admissions 
for paroxysmal fevers alone were, in 1875, 585°5 per 1000, and in 1869-75 
(five years) 722°3 per 1000 as & mean. 

In the Mauritins, as in Jamaica, a “continued fever” is not uncommon ; 
this is now being returned in part as typhoid.t It has occasionally been 
imported. There are fevers vaguely named “bilious remittent,” “‘ Bombay 
fever,” “Coolie fever,” &e. The last term denotes the communicable fever so 


common in the jails in Site eo a in the jails in 
thé Mauritiusin 1863 and 1864, among the Hi The “Bombay fever” 
in probably typhoid. Dysentery and diarrhoie have largely prevailed, but are 

© Ad detctfond by Wood Diseases of the United tates Armin, by J. J. 
Wootwanle MD. Puiledeiphia, : welt, p <68--*Tt wan entirely of malarios origin, and 
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now becoming Jess frequent, though still in too great amounk In this 
t Jamaica now contrasts very favourably with the Mauritius; thus, in 
1860, there wns altogether 213 admissions per 1000 of dysentery and diarrhan, 
and 6 deaths per 1000 ; in Jamaica, in the same year, there was not a single 
edmission from dysentery, and only 19 from diarthwa, among 594 men, and 
no death, ‘Cholera has prevailed five times—firat in 1819; not afterwards 
till 1854; then again in 1856, 1859, and 1861, [B sppese t have been 
imported in all these cases, ) Formerly there was 8 mortality from lung 
diseases ; now, as in Jamaica, this entry is much lesa, not more than half that 
of formét days, The deaths from phthisis per 1000 of strength were, in 
1860, 521; in 1861, 1-03; in 1862, 1-94 (but in this year 11 men were 
invalided for phthiais) ; : and in 1863, 2; in 1875 no death was recorded. 
Venereal (enthetic) diseases formerly gave about 110 to 130 admissions per 
1000 of strength, but they are now greatly diminished. Ophthalmia prevails 
moderately ; to nothing like the same extent as at the Cape. 
In the earlier periods, owing to the absence of yellow fever, the mortality 
of the Mauritius contrasted favourably with that of Jamaica, but now it is 
ter. In 1876 the death-rate of: the Mauritius was 6°81, that of the 
eat Indies generally only 3°68. 














Per 1000 of Strength. 
Losa of Strength. Loss of Service. 

Team. Deathe (all | Deathe from Mean Daily Hoettal to 
Causes), | Disease, | Z!validing. | Admiasions. | "guy ah mick 

1817-36, 0 so5 Ud]. Ll 149 0=| SO 20 

years 20°17 dee 1056'5 cea he 

1865-74 (10 18°97 he 44-15 | 1419-4 | 53°58 18°76 

1876, ee 14°46 wi 50°60 1822-0 40°92 11°26 

SECTION VIL 
CEYLON,* 


Garrison, 800 to 1000 white troope; and about 100 gun-lascars hang 
Population, 2,400,000 (in 1871), including about 5000 Euro 
stations for the white troops are chiefly Galle, Colombo, Kandy, and tie 
on aloe pica bese station at ae Ellia (6200 feet above sea- 
e r) troops ame more scatte at Badulla, Pulta Jaffna, de. 

Geology.—A. considerable of the island is composed of granite, gneiss, 
and hornblende granite j these have become greatly weathered and 
decomposed, and form messes of a conglomerate called “‘cabook,” which is 
clayey like the laterite of India, and is used for building, The soil is noggiss 
from the debris of ed gi ee eee 
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to 14 inches) ; and in October and November with the XE. nibesodt 
asthe le ns ci wo ee 


amount being in February and March. The heaviest 


peatpmrer in 120 inches. The relative humidity is about 80 Rope ltypr | 


sataration. The 8.W. monsoon blows from May to September, and the N.¥. 

monsoon during the remainder of the Pi ee unsteady and rather diverted: 

from ite course (long-shore wind) in The mean hori- 

zontal movement during the year 1872 was Ja 2 miles ; in 1870 it was 189 
or rather under 6 miles an hour. 

At Kandy (72 milea from Colombo, 1676 feet abave sea-level), the mean 
temperature is lesa, 3° to 5° ; the air is still abeolutely humid, though relatively 
rather dry, At 9°30 am. the mean annual dew-point is 70°, and at 3°90 
p.m. itis 71°54 This corresponds to 811 and 8°42 grains ina cubic foot 
of air ; as the mean temperature at these times is 76'37 and 79°27, the mean 
annual relative humidity of the air at 9°30 a.m and 3:50 px. is 71 and 63 
per cent. of saturation. The heat is oppressive, as Kandy lies in a hollow, as 
in the bottom of a cup. 

At Newera Ellia (48 miles from Kandy, 6210 feet high) is a table. 
land, where, since 1828, some Europeans have boen stationed ; the climate is 
European, and at times ‘wintry ; 3 the thermometer has been as low as 29° , and 
white frosts may occur in the early morning in the coldest months. The 
mean annual temperature is about 59°.* 

In the dry season (January to May) the thermometer’s daily range is exces- 
sive ; the thermometer may stand at 29° at daybreak, and at 8 a.m. reach 62°: 


at mid-day it will mark 70° to 74°, and then fall to 50° at dark. In one day | 


the range has been from 27° to 74m A7°, The air is very dry, the difference 
between the dry and wet bulbs being sometimes 15°. the 


bulb to mark 70°, this will give a relative humidity of only 38 per cent, of . 


saturation ; the barometer lanl at about 24:25 inchea Although: the 
diurnal range of temperature is thus so great, it is equable from day to day. 

Such a climate, with ite bright sun and rarefied air, an almost 
breeze, and an immense evaporating force, seems to give us, at this period, the 
very beau ideal of a mountain climate, 

In the wet season (May or June to November) all these conditions are re- 
versed. The mean thermometer of 24 hours is about 59°, and the range is 
only from 56° at daybreak to 62° at midday ; during the height of the mon- 
soon, there are about 30 inches of rainfall, and sometimes as much as 70 ; the 
air is often almost saturated. The mean of three yoars (1870-72) gives no loas 
than 944 inches. 

Two more striking climatic differences than between January and June can 
hardly be conceived, yet it is said Newera Ellis is equally rire der in the wet 
ea in the dry season ; the human frame seems to accommodate itself to these 
great vicissitudes without difficulty. The most unhealthy times are at the 

aut hes is eas moist and marshy ground 

$ some even near the 
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matism does not do well, nor, {t is said, chronic dysentery ; but it would be 
very desirable to test this point, as well aa that of the influence on phthisis 

. Tho so-called “hill diarrhora” of India prevailed in 1865, though 
before this it was unknown, Dysentery has sometimes prevailed, and is 
caused in some cases by bad water (Massy). aa 

The soil of Newera Ellia is chiefly decomposed gnaiss ; it is described by Dr 
Magsy as being as hygroscopic as a sponge; thecontents of cesspools easily 
traverse it, and the removal of excreta demands great care. . 

Phe neighbouring Horton Hills are said to be even better than Newera 
Eilia iteelf, Probably in the whole of Hindustan, a better sanitary station 
does not exist. It is inferior, if it be inferior, only to the Neilgherries, and 
one or two of the best Himalayan stations. 


Sickness and Mortality * of Europeans per 1000 of Strength. 
gs Dally 





Duration of 
Sickness. 








Deaths. | Admisstona. 






1860-69 (10 years), . . 23°75 1424°9 66°52 16°6 days 
1869-74 (6 years), . . 17°72. 1112°6 ae aa 
1876, 3. 6. oe we oe 13°56 730°3 j 46:11 21°67 ,; 
Influence of Age on Mortality. 
26 and 30 und 35 and 40 and 
Under 30. | Under 85. | Under 40. Over. 
1864-78,. . . 50°25, | 173°91 














Among the black troops, now reduced to about 100 altogether, in Ceylon 
(1860-69) the admissions averaged 1011, and the deaths 15°17, per 1000 of 
atrength. In 1870 the total mortality was 9°44 per 1000. The chief causes 
of admissions were paroxysmal fevers, and of deaths, cholera, dysentery, and 
paroxysmal fevera. ‘Continued fever” also figures among the returns, but 
was less common in the later years. The average number constantly sick 
was about 32, and the duration of the cases 10 or 11 days. 

In Ceylon, therefore, the black troops were healthier than the white, con- 
trasting in this remarkably with the West Indies, 

In conclusion, it may be said that much sanitary work still remains to be 
done in Ceylon before the state of the white troops can be considered satis- 


factory. 
SECTION VIIL 
INDIA. 


About 60,000 Europeans are now (1877) quartered in India, and there is 
in addition a large native army. In this place the Europeans will be chiefl 
referred to, as it would require a large work to consider propetly the health 
of the native troopa.t 

The 60,000 Europeans are thus distributed :—About 38,000 are serving 
in the Bengal Presidency, which includes Bengal proper, the North-West 
Provinces, the Punjab, and the Trane-Indus stationa About 11,500 are 

, | 
* tn 1676 the death-rate was only 7°48. | | 
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serving in the Madras Presidency, which also garrisons some of the cosst 
of Burmah, and sends detachments of native troops to the Salts of Mainoca, . 
a 10,800 are serving in the Bombay Presidency. The troops consist | 

2 arms, ae ; 

These men are serving in a country which includes nearly 28° of lat. and 
88° of long, and in which the British possessions amount to 1,465,399 
aquare miles. Stretching from within 8° of the equator to! 13° beyond the 
line of the tropics, and embracing countries of every elevation, the climate of 
Hindustan presents almost every variety ; and the troope serving in. it, and 
moving from to place, are in turn exposed to remarkable differences of 
temperature, degrees of atmospheric humidity, pressure of air, and kind and 
force of wind, &c. 

Watered by great rivers which have brought down from the high lands 
vast deposite in the course of ages, a considerable portion of the surface of 
the extensive plains is formed by alluvial deposit, which, under the heat of 
the sun, renders vast districts more or less malarious; and there are certain 
parts of the country where the mibhial yi of malaria is probably as intense 
as in any part of the world. A population, in some places thickly clustered, 
in others greatly scattered, formed of many races and apeaking many tongues, 
and with remarkably diverse customs, inhabits the country, and indirectly 
affects very greatly the health of the Europeans, 

Cantoned over this country, the. soldicrs are also subjected to the special 
influences of their barrack life, and to the peculiar habits which tropical 
service produces. 

We can divide the causes which act on the European foree into four 
subsections— | 

1. The country and climate. 

2. The diseases of the natives, 

3. The special hygienic conditions under which the soldier is placed. 

4. The service, and the individual habits of the soldier. 


Svup-Sscrion L—Tas Country anp Criwate, 


The geological structure and the meteorological conditions are, of course, 
ahaa! various, and it is impossible to do more than glance at a fow of the 
chief pointa. 

1. Soil.t—There is almost every variety of geological structure. In the 
north-west, the vast chain of the Himalayas is composed of high peaks of 
granite and gneiss ; while lower down is gneiss and slate, and then sandstone 
and diluyial detritus. Stretching from Cape Comorin almost to Guzerat, 
come the great Western Ghauta, formed chiefly of granite, with volcanic 
rocks around; and then stretching from these, come the Vindhys and 
Satpoora Mountains, which are chiefly volcanic, and inclosze the two great 
basins of the Taptee and Nerbuddarivers, Joining on to the Vindhya, come 
the Aravalli Hills, stretching towards Delhi, and having at their a gi point 
be ot bray is probably destined to become the great health resort of 

t 0 . 

Od the east side, the lower chain of the Fastern Ghauts slopes into the 
tablo-land of the Decean; and at the junction of the Eastern and Western 
Ghauts come the Neilgherry Hills, from 8000 to 9000 feet above sea-leval, 

 # For brevity customary to, ‘of serving in Bengal, Bombay, or Madras, w “ 
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: icargense My very general terms, the acil of many of the pleins may be ° 
classed under four great headings. | a 

(a) Alluvial soil, brought down by the great rivers Ganges, Indus, 
pain BP rivera of Nerbudda, Guzerat, &c. It is supposed that about 
one-third of all Hindustan is composed of this alluvium, which is chiefly 
siliceous, with some alumina and iron, At points it is very stiff with clay— 
ga in some parts of the Punjab, in Scinde, and in some portion of Lower 
Bengal Underneath the alluvial soil lies, in many places, the so-called 
clayey laterite, Many of the stations in Bengal are placed on alluvial soil. 

Ths alluvial soil, especially when, not far from the surface, clayey laterite 
is found, is often malarious ; sometimes it is moist only a foot or two from 
the surface ; and, if not covered by vegetation, is extremely hot. 

As a rule, troops should not be located on it. Whatever be done to the 
spot iteelf—and much good may be done by efficient draining-—the influences 
of the surrounding country cannot be obviated. Europeans can never be 
entirely free from the influences of malaria. There is but one perfect remedy ; 
to lessen the force in the plains to the smallest number consistent with 
military conditions, and to place the rest of the men on the higher lands, 

Somewhat different from the alluvial is the soil of certain districts, such as 
the vast Runn of Cutch, which heve been the beds of inland seas, and now 
form immense level marshy tracks, which are extremely malarious, The 
Runn of Cutch contains 7000 square miles of such country. 

@) The so-called “ regur,” or “ cotton soil,” formed by disintegrated basalt 
and trap, stretches down from Bundelcund nearly to the south of the 
oe and spreads over the table-land of Mysore, and is common in the 

eccan. It is often, but not always, dark in colour. It contains little 
vegetable organic matter (1:5 to 2°5 per cent.), and is chiefly made up of sand 
(70 to 80 per cent.), carbonate of lime (10 to 20 per cent.), and a little 
alumina, It is very absorbent of water, and is generally thought unhealthy. 
It is not so malarious as the alluvium, but attacks of cholera have been 
supposed to be particularly frequent over this soil. 

(c) Red soil from disintegration of granite. This is sometimes loamy, at 
other — clayey, especially where felspar is abundant. The clay is often 
very sti 

(d) Calcareous and othef*soils scattered over the surface, or lying beneath 
the alluvium or cotton soil. There are, in many parts of India, large masses 
of calcareous! (carbonate of lime) conglomerate, which is called kunkur. It 
ie much used in Bengal for footpaths and pavementa, 

In Behar, and some other places, the soil contains large quantities of nitre, 
and many of the sand plains are largely impregnated with salts. 

2. Temperature.— is an immense variety of temperature. Towards 
the south, and on the sea-coast, the climate is often equable and uniform. 
The amplitudes of the annual and diurnal fluctuations are small, and in some 
places, especially those which lie somewhat out of the force of the south-west 
monsoon, the climate is perhaps the most equable in the world. 

At some stations on the southern coast, the temperature of the sun’s zenith 
is lower than at the declination, in consequence of the occurrence of clouds 
and rain, brought up by the south-west monsoon, ~ 

Tu the intarior, on the plateaux of low elevation, the is greater, 
and the yeari cad dindan Rackanrca more marked. the hill stations 
(6000 to feet above sea-level), the mean temperature is much leas; the 
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The temperature in the eun's rays ranges on high as 166° or 170°, bat the 
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Mean Temperature and Height, above Sea-level, of some of the larger 
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The increase and the amplitude of the yearly fluctuation is thus seen as we 
pass to the north, and ascend above sea-level. 

In several places there are great undulations of temperature from hot land 
winds, or from sea or shore breezcs, or from mountain currents, which give 
to the place local peculifrities of temperature. 

To get the same mean annual temperature as in England, it would be 
necessary that 9500 feet be ascended in places south of lat, 20°; between lat. 
ad ~~ ee feet ; between lat. 26° and 30°, 8700 feet ; and north of 

9 e 

The mean monthly rp anc would, however, a& such elevations, differ 
somewhat from those of England. Speaking generally, an elevation of 5000 
to 6000 fect will give over the whole of India a mean annual temperature 
about 10° higher than that of England, and with a rather smaller range, 

Mr Glsisher has calculated that in the cold months the’ decrease of tempera- 
ture is 1°05 for each 300 feet of ascent, but increases from March to August 





* These are taken from Mr Glaisher’s excallgnt report in the Indian Sanitary Commis- 
being rich aru bo cou tthe & date Vary fal the three presidencies, ond in 
fow years thees will supersede Mr ‘a tables, 
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to 4°:5, and then gradually declines. Theses resulta are not accordant with 
the recent balloon ascents in this climate. 2 

Humidity.—The humidity of different parts of India varies extremely ; 
there arc climates of extremes humidity—either flat, hot plains, like Lower 
Scinde, where, without rain, the hof air is frequently almost saturated, and 
may sonfain 10 or 11 graind‘of vapour ina cubic foot ; or mountain 
like Dodabetta, in Madras, 8640 feet above sea-level, where, during the rainy 
season, the air is also almost saturated ; a copious rain, at certain times of the 
year, may make the air excessively moist, as on the Malabar coast, the coast 
of Tenasserim, or on the Khasyah Hille, where the south-west monsoon parts 
with its vapours in enormous quantities, 

On the other hand, on the elevated table-land of the interior, and on the 
hot plains of North-West India, during the dry season, or in the places ex- 

to the land winds at any part, the air is excessively dry. In the 

eccan the ‘annual averages of the relative humidity is only 55 per cent. of 
saturation (Sykes). Mr Glaisher has given the humidity of many places. I 
extract a few stations :— 


Mean Humidity per cent. 

J ‘| .43 
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Mean Maximum, . | 81 | 79 | 85 | 94 | 84 | 78 | 76 | 84 | 79 | 80 | 84 
»» Minimum, . | 59 | 61 | 67 | 44} 54] 41 | 40 | 40 | 42 | 48) 48 


Yearly Mean,  . | 68 | 72 | 78 | 69 | 67 | 55 | 58 | 54 | 68 | 62 | 64 


The mean relative humidity at Greenwich is 82, varying from 89 in 
December and January to76 in July. Calcutta, therefore, with a mean yearly 
humidity of 68 per cent, of saturation, is, as far as relative humidity (ic., 

- evaporating power) goes, less moist than England, and the evaporating power 
is also increased by the higher temperature. 

Rain.—The amount of rain and the period of fall vary exceedingly in the 
different places. It is chieffy‘regulated by the monsoons, 

When the south-west monsoon, loaded with vapour, first strikes on high 
land, ag on the Western Ghauts, on the Malabar coast, or on the mountains 
of Tenasserim, and especially on the mountains of the Khasyah Hills, at some 
points of which it meets with a still colder air, a deluge of rain falls ; as, for 
example, at Cannanore (Malabar), 121 inches ; Mahableshwur, 253 inches ; 
Moulmein (Tenasserim), 180 inches ; Cherrapoonjee (Khasyah Hills), 600 
inches. On the other hand, even in places near the sea, if there is no hi 
land, and the temperature is high, scarcely any rain falls; as in Aden, on t 
south coast of Arabia, or at Kota, in Scinde, where the amount is only 1:8 
snnually, or Kurrachee, where the yearly average is only 4°6 inches, . Or in 
inland districts, the south-west monsoon, having lost most of its water as. it 
passed over the hills, may be comparatively dry, as at Nusserabad, where only 
15°8 inches fall per annum, or Peshawur, where there are 13:7 inches 


_ The yearly amount of rain in some of the principal stations is 


; oe . Average. Average. 
Calcutta, . . « S68 Madras Presidency—. 

Madras, » « « BO er ee | i 
aed Prosidene wea Trinchin (1 Se 
‘ fae , ¢ e 
Dinapore, . é » $i Saccndenben : . 346 

Berhampore, . . 49:8 
Benares, . : - 874 
Gharveepore, .  . + sr ieee ae 
Azimghur, . 4 m, . ; ; : 
Agra, : ; . 279 Poonah, . ‘ » 276 
Delhi, é ; « 251 Neemuch, .« ‘ . 341 
Meerut, . : . 18 Kampitee, . ‘ . 318 
Punjab, .  . w (566 


Winds.—The general winds of India are the north-east monsoon, which is, 
in fact, the great north-east trade wind, and the south-west monsoon, a wind 
caused by the aspiration of the hot earth of the continent of Asia, when the 
sun is at its northern declination. During part of the year (May to August) 
the south-west monsoon forces back the trade-wind or throws it up, for at 
great altitudes the north-east monsoon blows through the whole year, and 
the south west monsoon is below it. But, in addition, there are an immense 
number of local winds, which are caused by the effect of hills on the 
monsoons, or are cold currents from hills, or sea breezes, or shore winds 
caused by the contact of sea breezes and other winds, or by the first feeble 
action of the south-west monsoon before it has completely driven back the 
north-east trade. The south-west monsoon is in most of its course loaded 
with vapour; the north-east is, on the contrary, a colder and drier wind, 
except when at certain times of the year, in passing over the Indian Ocean, it 
takes up some water, and reaches the Coromandel Coast and Ceylon as a 
moist and rain-carrying wind. 

The hot land winds are caused by both the south-west monsoon, after it 
has parted with its moisture and got warmed by the hot central plains, and 
the north-east monsoon; the temperature is very great, and the relative 
humidity very small, the difference between the dry and. the wet bulb being 
sometimes 15° to 25° Fahr. 

Pressure of the Air.—On this point little need be said. The barometer is 
very steady at most sea-coast stations, with regular diurnal oscillations, chiefly 
caused by alteration in humidity. An elevation of 5000 feet lowers the 
barometer to nearly 25 inches. 

Electricity.—On this point few, if any, experiments have been made; the 
air is extremely charged with electricity, especially in the dry season, and tie 
dust-storms are attended with marked disturbance of the electrometer.* 

Effects of Climate.—The estimation of the effects of such various climates 
is a task of great difficulty. . Long-continued high temperature, alternations 
of | pon atmospheric dryness and moisture, rapidly moving and perhaps dry 
and hot air, are common conditions at many stations; at others, great heat 
ane pes of the year is followed by weather so cold that even in England 
it would be thought keen. When to these influences the development of 
malaria is added, enough has been said to show that, a priort, we can feel 
certain that the natives of teraperate climates will not support such a climate 
without inflmence on health, and the selection of healthy spote for troops'is a 


a ET ETT eee eenemmamammmenemememieanmbeanineteemienn si temiementia 
* Ses Baddeley’s ‘Whiriwinds and Dust Storns of Indis (1960), for s ; aoodnnt 
of these singular storms, a ee er mo 
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matter of the greatest moment as affects both health and comfort. This 
much being said, it- must at the same time be asserted that, malaria excepted, 
the influences of climate are not the chief causes of sickness. : 

The location of troops should be governed by two or three conditions—1. 
Military necessities ; 2. Convenience; 3. Conditions of health. The second 
of these conditions is, however, a mere question of administration; every 
ra can be made convenient in these days of railway and easy locomotion. 

ilitary necessity and health are the only real considerations which should 

ide our choice. The vital military pointe must be held with the necessary 
on and then the whole of the remaining troops can be located on the most 
y epots. 

Theve spots cannot be in the plains. Let any one look at a geological map 
of India, and see the vast tract of alluvial soil which stretches from the loose 
soil 6f Calcutta, formed by the deposit of a tidal estuary, up past Cawnpore, 
Delhi, to the vast plains of the Punjab, Scinde, and Beloochistan. The 
whole of that space is more or less malarious, and will continue to be so until, 
in the course of centuries, it is brought into complete tillage, drained, and 
cultivated. Moreover, heat alone without malaria tells upon the European 
frame, lessens the amount of respiration and circulation, and lowers digestive 
power (see CiimatE, page 433). 

In looking for healthy spote, where temperature is less tropical, and 
malarious exhalations less abundant, there are only two classes of localities 
which can be chosen-——seaside places and highlands. 

Seaside Placer.—The advantages of a locality of this kind are, the reduc- 
tion in temperature caused by the expanse of water, the absence of excessive 
dryness of the air, and the frequent occurrence of breezes from the sea. All 
these advantages may be counteracted by the other features of the place; by 
a damp alluvial soil, bad water, &c. 

It does not appear that many eligible places have yet been found, and as 
a substitute in Bengal, the Europeans from Calcutta sometimes live on board 
a steamer anchored off the sandheade, thus literally carrying out a suggestion 
of Lind in the West Indies a century ago. 

In the Bay of Bengal, Waltair, in the northern division of Madras, is one 
of the best.* Cape Calimere (28 miles south of Nagapatam) also ap to 
have many advantages (Macpherson). On the opposite coast, Cape Negrais 
on the Burmese coast, was pointed out as long ago as 1825, by Sir Ranald 
Martin, as a good marine sahiterium, and Amherst in Tenasgerim, and some 
of the islands down the coast towards Mergui, are beautiful spots for such a 
purpose, being, however, unfortunately, at a great distance from the 
military atations, and not being well supplied with food. 

Be the Bombay side, at Sedashagur or Beitkul Bay, between Mangalore 
“te Goa, a spur of the Western Ghaute projects into the sea for-upwards of 
@ tnile, and forma an admirable sea-coast eanitarium (Macpherson). 

All these sea-coast statiuns seem adapted for organic visceral affections and 
dysentery, but they are not so well calculated for permanent stations for 
healthy men. Probably they are rather sanitaria than stations. 

Highlande.—-The location of troops on the hills or on elevated table-lands 
has long been considered by the army medical officers as the most 
important sanitary measure which can be adopted, Not only does such « 
location , the vigour of the men, who on the hill stations 

reserve the healthy, ruddy hue of the European, but it prevents many 
Siseanen If properly: selected, the vast class of malarious di disappears ; 





* Evidence of Dr Maclean in India Report, p. 188, 
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liver diseases are less common, and bowel complaints, in some stations at 
any rate, are neither so frequent nor eo violent. ‘Digestion and blood: nntei- 
tion are improved. Moreover, a proper degree of exercise can ‘be 
taken, the best personal hygienic rules easily observed. | 

Indian surgeons appear, however, to think the hill stations not adapted for . 
cardiac and respiratory complaints; it is possible that thie objection is 
theoretical. The latest experience is to the effect that phthisis is 
singularly benefited by even moderate, still more perhaps by great elevation ; 
that ansmia and faulty blood nutrition are cured by hi itions with great 
rapidity, and that if the elevation be not. too great not. over 
feet) even chronic heart diseases are improved. In some of the hill stations 
of India bowel complaints were rand frequent as to give rise to the 
term “hill diarrhoea.” The elevation was credited with an effect which it 
never produced, for, not to apeak of other parte of the world, there are stations 
in India itself (Darjeeling, for example) as high as any other, where the so- 
called hill diarrhoea was unknown. At Newera Ellia, in Ceylon, st the 
simple condition of mountain elevation could have uced diarrhoa, it 
would have been present. The cause of the bill diarrhwa was certainly, in 
many stations, unwholesome drinking-water (sce page 40); whether this was 
the case in all, Iam not sure. Some of the hill stations are said not to be 
adapted for rheumatic cases; in other instances (as at Subathoo) rheumatism 
is much benefited. I infer, from reading the reports from these stations, 
that damp barracks, and not the station, have been in some cases the canse 
of the rheumatism. 

But it must be noticed that the evidence given before the Indian Sanitary 
Commission shows, on all or almost all hill stations, a most lamentable want 
of the commonest sanitary appliances. At great expense men are sent up to 
the hills, where everything is, or was, left undone which could make that 
expense profitable. It appeared to be thought sufficient to ascend 6000 feat 
is weer ie all the most obvious sanitary rules, without which no place can 

ealtny. 

Admitting, as a point now amply proved, that stations of elevation are the 
proper localities for all troops not detained in the plains by imperative 
military reasons, the following questions are still not completely answered :— 

1. What amount of elevation is the best? We have seen that to reduce 
the temperature to the English mean, 5000 to 6000 feet must on an average 
be ascended. But then such an elevation brings with it certain inconveni- 
ences, viz., in some stations much rain and even fog at certain times of the 
year, and cold winds. However unpleasant this may be, it yet seems clear, 
from the experience of Newera Ellia, in Ceylon, that damp and cold are not 
hurtful. But it must also be said that, with a proper selection, dry bial: 
can be found at this elevation. ec 

From 3000 to 4000 feet have been recommended, especially to avoid the 
conditions just mentioned. Whether places of this height are equal in 
salubrity to the colder and higher pointe is uncertain. 

Even at 6000 feet there may be marsh land, though it is not very malarious. 
Malarious fever has been known during the rains at Kuseowlic (6400 feet), 
and Subathoo (4000), and other Himalayan stations. Malaria may, however, 
drift up vallsys to a tag ey Mr Se froin this, it seems thas 
5000 fect, and probably 4000, will ly secure from malaria. Probably, 
indeed, a less height will be found : . 








© Ie ies drifted up even to the ennmite of the Kellgherriss, 7000 or 8000 feet. —Zedtion 
Bantiary Report, Mx Witict’s Brideuce, vol. |. p. 360." ” 
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At no point do hot land winds occur, or af any rate endure, at above 4000 

eet, ; | 

On the whole, it would appear probable that the best localities are above 
5000 feet, but. below 7000. : 

- 2 What stations are the best—the tops of solitary bills, spurs of high 

untains, or elevated table-lands f 

Ranald Martin has called especial attention to the solitary hills, rising as 
they do sometimes from an almost level plain to 2000 and 3000 feet. Such 
mountain islands seem especially adapted for troops if there is sufficient 
space at the top. They are free from ravines conducting cold air from higher 
land, and are often lees rainy than the spurs of loftier hills. 

The spurs of the Himalayas, however, present many eligible spote, and so 
do some table lands. And, perhaps, on the whole, if the elevation is sufficient, 
it is not a matter of much importance which of these formations is chosen ; 
other circumstances, viz., purity of water, space, ease of access, and supplies, 
&c., will generally decide. 

In choosing hill stations, the points discussed in the chapter on Sons 
should be carefully considered, and it is always desirable to have a trial for 
a year or two before the station is permanently fixed. 

In all the presidencies of India elevated spots where troops can be cantoned 
exist in abundance.* The following table, copied from Dr Maepherson’s 
work, gives some of the principal hill stations. Fresh stations are, however, 
being constantly discovered, and it seems now certain that there is scarcely 
any important strateyical point without an elevated site near it. 

Near Nynee Tal, in Kumaon, are Almorah (5500 feet), and Hawalbagh 
(4000 feet), both well spoken of. Kunawar (5000 or 6000 feet), in the 
valley of the Sutlej, has a delicious climate; and Chini (about 100 miles from 
Simla), is a most desirable spot. 

Passing down from the north-west towards Calcutta, Dr M‘Clellan found 
elevated land within 100 miles of Allahabad; and in the south there are 
the Travancore mountains, with numerous pood sites. 

If, then, the mass of the troops are cantoned on elevated places, the dis- 
advantages of climate are almost removed. The Indian Sanitary Commis- 
sioners recommended that one-third of the force shall be in the hills, and 
that enfeebled men and recruits especially shall be sent there. But it is to 
be hoped that not only onethird, but a large majority of the troops will 
eventually be placed there. _ 


Sup-Secrion JL—Diseases or tap Natives. 


' It is impossible that Europeans can be perfectly isolated from the nations 
ge, a they serve; they have suffered from the pestilential diseases of 
= Primer etre it is bi atapiire that they have oe suffered more. 

ra is the chief disease, which, arising in the native population, scourges 
their conquerors. Some fevers also, relapsing fever, perhaps a “febris 
icterodes,” or bilious remittent, which has attacked Europeans, have had their 


* See the evidence in the Indian R. Martin, Mr Biliott, 
Maclean, Dr Aletanda Grant Mr Mentgonery Mart sod dhe Paerbi le 
eked fi Indian sd pbb p. 622, and by Dr Alexander Grant, Indian 
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origin, or at any rate their conditions of spread, in the dense denen B of 
native cities. Happily, the Black Death (the Maha murree, or Pali plague) 
salsa Aad 1i--petoedndl eka cap indeed been confined within 
narrow limite, {Still these pestilences among the native population are.an ever- 
present menace to Europeans, and, as in the case of cholera, may pass to them 
at any time, Cholera, certainly, will never be extirpated until attacked in 
ite strongholds, among the miserable dweltings which make so large a ‘part of 
every oriental city. In 1867 there were some cases among the troops of the 
contagious fever, which has caused so much mortality in many of the 
jail. The exact influence on Europeans of the customs and modes of life of 
the natives of India has not, as far as I know, been made an object of special 
study, but it cannot be inconsiderable. In many places the Europeans and 
the natives are in close neighbourhood, and the air at all times, and often the 
water, must be influenced by the social life of the native races. The 
proximity to large cities or bazaars is indeed often alluded to by army officers 
as influencing the health of their men ; it would be very interesting to know 
the precise effect. The sanitary condition of almost all the large native towns, 
and the sanitary habits of the country people, are as bad as can be, Bad 
water, foetid air, want of sewage removal, and personal habite of uncleanliness, 
abound everywhere. The Report of the Indian Sanitary Commission, and 
the activity of ee Srna the igure pte plete are now be- 
inning a series of changes in this respect, which will pro change, 
foto, the medical history of India. . 


Svup-Szorion III.—Srxorat Hyoermnic Coxprriona. 


The special hygienic conditions (apart from locality) under which the 
soldier serves in India have been the main causes of excess of disease. This 
subject has received a searching inquiry from the Sanitary Commissioners,* 
They declare, and after reading the Station Reports and the evidence given 
before them, no one will doubt the assertion, that while malaria, extremes of 
temperature, moisture, and variability of temperature causes certain amount 
of sickness, “ there are other causes of a very active kind, connected with 
stations, barracka, hospitals, and the habits of the men, of the same nature as 
those which are knowh in colder climates to occasion attacks of those very 
diseases from which the Indian army suffer so severely.” 

And the Commissioners entimerate a list of causes connected with unhealthy 
atations, bad barracks, overcrowding, wo to air and water, bad drainage, im- 
perfect ablution, inferior rations and cooking, &c. 

. In fact no doubt can exist in the minds of all who have studied the aub- 
' §ect that these form the most potent clasa of causes which affect health. 


Svup-Sxorron IV.—Hasirs anp Customs or raz Troors. 


The habits of the men and the customs of service were, however, also great 

pgs os cigs oat caper grmacenahcaa gate i 
men Were, as a intemperate, great erm, disposed for 
exertion. I haa, indeed, been pointed out with trath, that in ion to 
their amount of exercise the men were much overfed, and some dise of 
the liver appear to result directly from this simple oo o 
early morn-. 


The want of exercise is not always the fault of the men. The 
ing hours, and often the evening, are oceupied with parades ; in the period. 
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‘between, the mon used to be confined to barracks, and are still sometiies‘sa: 
i and devoured with ennui, they passed. the weary 


a dar Sh perhaps for hours daily, or lounging on chairs 


confinement to barracks is indeed an evil often greater than. 


that it ip intended toremove. To prevent men from passing out inte the sun 
they are compelled to remain in a hot, often ill-ventilated room, worse for 
health than the intensest rays of the sun,* that scapegoat of almost every 
fault and vice of Indian life. 

All these causes have been summed up by Miss Nightingale in some of 
thoee telling sentences which have done more than anything elae to force 
attention to these vital questions. + 

Of late years a great change has taken place in the habits of the men,— 
more open air exercises of all kinds ; and in the cooler stations athletic sports 
and cricket have been encouraged ; in some of the hill stations the ve 
been employed in making roads and public works, and the practice of trades 
has been promoted. Were the troops chiefly on the hilla, as much exercise 
as at home would be possible, and the men would preserve their European 
vigour and appearance. But even in the plains exercise is necessary, and if 
it be taken at proper times (i¢, with avoidance of the three or four hottest 
hours), and with proper precautions, such as keeping the head and spine well 
covered and cool, putting on after profuse sweating dry and thin mixed 
cotton and woollen underclothes, and protecting the loins and abdomen with 
a silk or flannel sash, and avoiding stimulants before and during the exercise, 
all men would be benefited even by very great exercise. 

The pale, feeble appearance of persons who keep much in the darkened 
houses is really owing more to the absence of light and to the unhealthy and 
sedentary life than to the effect of the climate, 

The subject of clothing has been already referred to. In Algeria, as in 
India, much good has been ascribed to the use of very large flannel belts, 
which the French suspend from the shoulders, a plan better adapted for com- 
fort than the so-called cholera belts of India. 

With regard especially to diet, two pointe must be considered :— 





© J shall never fonget the sufferings of the men in the old barracks at Madras. We arrived 
there from Moulmein, where the men had never been confined to barracks, and where, during 
two hot seasons, no injury had resulted from allowing them to go ont when they liked, 
arrival at Madras, in acoordance with invariable custom, the man were confined to 
They la ore Arce inet toi pcarvon liver nade sy taiy| ra ace was so small and ventila- 
tion 0 bad, that the haat wa perfect int in the though the sun’s rays were 

The sufferings were extreme. When the afterncon came, more injury had 
done by the hot and } air than exposure to the sun's rays could have causal, 

At Moulmein, in , at one time, two tegiments served . The 
barracks of each were perfectly healthy ; the food and uties were the same; yet one showed 
a sick list and mortality always much greater than the other. in the station 
afterwards, I was so strack by this difference that I went over all the ani 
staif surgeon's ofice £0 make ovt the ostwe ; the only difference 1 could detest 
sickly ¢ the men were confined to barracks, in the other were allowed’ 
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1. What amount of food should be taken? In India, as in all parts.of 
the world, food should be taken in proportion to the mechanical work done 
by the body, and to the equivalent of mechanical force, viz., animal heat, 

Hi | , 88 lessening the loss of the body heat, must, pro tanto, 
lessen the need of food to supply the tempersture ; and it has been supp 
that the diet-of men in cold countries (Arctic regions) and in hot, contrasted 
remarkably ‘in respect of the amount of carboniferous food taken by each. 
But although it is certain that large quantities of meat and fat are taken by 
men living in or arriving in cold countries, itis now known that the natives 
of some of the hottest of the world take immense quantities of both fats 
and starches, In fact, both these substances perhaps, certainly fate, are taken 
to supply mechanical force directly, as well as animal heat. It is not, in fact, 
yet known what amount of lessening of food, or what kind of lessening, the 
increased heat-of the tropics demands, or whether any is demanded, for exact 
experiments are wanting. Our best guide at present for the quantity of fead 
to be taken in the tropics, is to apportion it to the amount of mechanical 
work done, as in temperate climates, In India, as elsewhere, it must be in 
balance with exercise: The points then to be considered are the amounts of 
daily food and of daily exercise, and by means of the tables formerly given, 
and by knowing the habits of the men, little difficulty will be found in deter- 
mining the proper ration quantity of food with accuracy. 

In considering the amount of food it must be remembered that the soldier 
almost always buys additional food, and often eats much more than his ration. 
Some years ago Dr Macnamara found the troops in Bengal taking no less than 
76 ounces of food, (i.¢., water-containing food), while the regulation ration was 
only 52 ounces, so that these men were largely over-feeding, And Dr 
Dempster (Indian Sanitary Report—Evidence) states that the majority of the 
recruits from Scotland and England cat in the hot weather in India much 
more animal fvod than in the coldest seasons in their native countries,* 

It would therefore seem that illness may arise in India from excess of food, 
but it is not the regulation ration which produces it, but the additional pur- 
chased food, which is often of bad quality, or the extreme idleness of the 
men, in which case even the regulation ration is too much. The only 
remedy is instruction of the men in what is good for them, and no men are 
so stupid as not to perceive what is best for their own comfort and happiness 
when it is onee pointed out to them. 

In addition, the soldier ffi India had till very lately the spirit ration (now 
leeseaned to one-half), which has the effect of lessening the power of appro- 
ptiation of food, though not always the appetite, and thus indirectly may 
cause over-feeding. 

2. Admitting (till better observations are made) that men in the tropi 
undergoing as moch exertion as at home, will demand as much food, and in 
the same proportions, as far as the four classes of aliment are concerned (and 
it segms to me all physiological evidence shows that this must be the case, 
and thet not external temperature, per se, but the work of the body, is the 
chief measure of food), the next question is, whether the different articles of 
the diet should be altered; whether, for example, the same amount of 
sais saan. b berg it should be contained in vegetable or animal food? - 

Tt has been stated by several of the beat obeervers in the tropics that those. 
who eat Jargely of animal food are less healthy than. those who take more 





_ Dalewel Sree long 0, directed perticolar attention She ota, stating with potet ” "y 
trath, that the soldier Teta fa over ctimuinsed b food and and: : by. 
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food; and Friedel, in bis work on China, has lately again directed . 
attention to the fact* that the amount of digeative aud hepatic disease is thuch 
ter among the English than smong any other European settlers in China. 
whother this is owing to excessive animal food, or excess generally in all 
food, and to too much wine, beer, and spirite, is not certain. The dist is 
probably too rich as a whole, 

Supposing meat is taken in proper but not excessive quantity with 
farinaceons food, as at home, is it less healthy than a quantity of vegetable 
food containing an equivalent amount of nitrogen? On this point it seems 
to me that atrict scientific evidence has not been produced, With regard to 
excess of animal food there is no doubt; but animal food in moderation has 
not, I think, been shown to be more active in causing liver complaints in 
India than at home. 

Considering, indeed, how important it is, when the digestive organs have 
been accustomed to one sort of diet, not to suddenly and completely cha 
it, it seems to me very doubtful whether it would be desirable for the 
European arriving in India at once to give up all previous habits, and to 
commence an entirely different kind of diet. 

It is possible, however, that the meat standard of England might be some- 
what reduced, and the bread, flour, and leguminose increased. This is not 
the opinion, however, of some of those who have lately = particular 
attention to Indian rations (Dr C. A. Gordon and Dr Inglist), and who 
believe that the amount of meat is even too small, 

It has often been said that Europeans in India should imitate the natives 
in their food, but this opinion is based {it seems to me) on a misconception, 
The use of ages has accustomed the Hindu to the custom of taking 
quantities of rice, with pulses or corn; put an European on this diet, and he 
could not at first digest it; the very bulk would be too much for him. The 
Hindu, with this diet, is obliged to take large quantities of condiments 
(peppers, &c.), The European who did the same would produce acute dade 
catarrh and hepatic congestion in a very short time; in fact, as y 
stated, one great fault of the diet of Europeans arriving in India is too great 
use of this part of the native diet. 

Two points about the diet of India seem quite clear. Ono is, that spirits 
are most hurtful, and that even wine and beer must be taken in great moder- 
ation. Of the two beverages, light wines (clarets), which are now happily 
coming into use in India for the officers, are the best. For the men good 
heer should be provided, but it is important to teach the men moderation. 
The allowance per man per diem should never be more than a quart, and men 
would find themselves healthier with a single pint per day. But it would 
seem probable that, especially in the hot stations and seasons, entire 

abstinence should be the rule, and that infusions of tea and coffee are the best 


rages. } 

The other point is, that in the tropics there is perhaps even a greater 
tendency to scurvy than at home; the use of fruita, then, is of great import- 
ance, and whenever ab pr prersr the h of fruit trees should be en 
in the neighbourhood of stations. In some stations (Mooltan) lime juice 
been issued with the greatest benefit whan vegetables were scarce. 
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| Hlealth of the Troope. | ee of 
India presents in many respects the saime ‘history as our other ‘tropical 
sd a Huropeai 


possessions, In former years there was a large mortality among peans, 
attributed tsually to the climate, instead of being put down'to ita proper 
causes, Viz., & TeC mode of living amidst the most insanitary conditions. 


As years have passed, the same gradual improvement has occurred in India 
as in the West Indies. Habits have improved, and the conditions of ‘life 
have been slowly altered for the better. This change has been going on 
for years, and there has been an Senay progress since the mtitiny. 
Much, no doubt, remains to be done, but the fall in mortality and in sickness 
has ‘been so marked in all the Presidencies, as to lead us to hope that in a few 
more years the Indian service will, like the West Indian, be almost as healthy 
as the home service. It may seem rash to anticipate such a result, but an im- 
provement as great has already taken place, for the mortality even now has 
fallen one-half, compared with that of thirty years ago. 
The following table shows this :— 


Earlier Years.—Mortality of Europeans per 1000 of Strength. 


Bengal Bomba Maras 
Years and Authority.* Preaidency. Presidenéy. Presidency. 


1845-54 (Chevers), 68°88 60°20 59°20 
1838-56 (Queen’s troops alone— 79-20 61°10 62°90 


alfour), 
1806-56 eigen A troops alone 


—Indian Sanitary Commis- 74°10 66 ‘00 63°50 
mioners),. © 2 6 se 8 ew 
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In 1812-16, in the Bengal Presidency, the deaths averaged 96-5 per 1000 ; 
in the Bombay Presidency in 1819-20 the deaths were 80 per 1000. 

The above.mean mortality includes every loss ; in some years it was, of 
‘gourse, greater, in some less ; but on the whole large every year, with a few 
exceptions, till the year 1856. After the mutiny, about the year 1860, the 
moar | improvements and the greater care of the troops which had been 
grad y taking place received an immense impulse. The results are shown 
below. 3 


* The chief statistics of the forces in India are contained in--- 
1, Numerous scattered papers in the various Indian medical periodicals for the last thi 
epg chiefly to the health of one presidency or of regiments or,forces occupyitg l 


2 Summaries of the whole, by Colonel Sykes (for twent years ending 1847, BStatisti 

Joumal, vol. x.), Sir Menata Martin (atuene of Tops Clizeaten® Pr pel tres 3 ue 
Ewart Statistics of Kuro and Native Armies, 1859; Drs Waring and Norman 
Chevers (Indian Annals, 1858-1562) ; and as far as officers and civilians are coneerned, 
groom (Asistic Ressarches, ‘vol. xx.), and Mr Hugh Macphereoa. 
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Later Yoars.—Mortality of Europeans per 1000.of Strength. ~ : 


° yet io ’ 
Ben Matres : . 
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Fears and. Authorities. 





1860-9 (10 yearn, Balfour), . . | 81°87 
1869-74 (6 ,, ) »« « « « « 24°45 
| 1875 (including deaths of invalids) 18°38 





,Causes of Sickness and Death. 

The causes of diseases and deaths of Europeans are given in the following 
table, extracted from the “ Army Medical Reports,” vol. xvi. The period of 
five years includes the cholera year 1872, and 1875 was again a year of cholera 
activity. 


Admissions and Deaths per 1000 of Strength. 


FAA CR ERSS 

















Causes. 1869-74. 1675. |, 1860-74, 1678. 1818. 
Adm, |Died.} Adm, |Died,| Adm. | Died.| Adm, | Died. .| 
Cholera, . . .| 7°0) 4°66] 5°5) 8°68) 8:3) 1:77; 0°6! 0°38 80) 5°23 
Paroxysmal fevers) 454°1! 1:7: : 0°87 
Continued fevers,| 178°3) 1°99 2°18 
Kruptive fevers 
(ine * Den- 0°10 
6 e s 
Ricumatian, 010 
hilis, e ” ‘ 
Phthiais, Sero 198 
fula, &c., 
Respiratory, . . 0:97 
Circulatory, 0°06 
Nervous, . . 3°18 
Eye, .. eos 
Digestive, 9°87 
Urinary, . 0-19 
Injuries and 1°68 
lal other’ causes,| 185°6 | 007 
ai: Y, 


| Total, . {1518-9)24-45)1858"4 18°38.1951"4 


. Analysis of the Statistics. 
The following tableahows the distribution of mortality according to age :-—~ 
Deaths per 1000 of Strength at theages named. , 


Aus ious (Bafoursnamber), [Uda 3? | Send, | 8 cad, | se a, | Sy and 
1660-9 (10 . . | oa | 1780 | saea | saa7 | ais | soes | 
4870, ws = . «© | S09 | 17°15 | 1964 | 80°58 | 44°71 | 0696: 
176, 5... | 8B | 1440 | 1680 | 1690 | 28-74 | 5801 


| . : : ; q 7 ' 4 
1865-76 (Bryden 7°61 | 1867 | 1741 | 20°06 | 20°04 | SOd4 ) 
| Sadan 1968-70 (Cerda, 740 | 1870,; 3100 | 9600 | 42°10.) 4600 | 











678 FORBIGN SERVICE, 


Tf thease numbers are com with those of men serving at home (page 
608), it will be even that the mortality at every period is greater in India, 
If the average for the corresponding years in England be multiplied by three, 
Male a following table, which comes close to the average Indian 
numbers :— 


Deaths per 1000 of Strength on Home Service multiplied by three (1859-69). 





This table shows also that the proportion (as between England and India) 
is preserved throughout, ¢.¢., that the mortality is nearly threefold greater at 
every age in India. 

This regularity of increase is an argument against the view that age, per se, 
increases the total mortality faster than it does at home ; and the statistics of 
officers confirm the inference drawn from theargument. The mortality of the 
members of the Military and Medical Funds in Madras and Bengal has been 
carefully determined by actuaries, and the following table proves that 
mortality among officers does not increase with age in anything like the pro- 
portion it does among non-commissioned officers and privates. The large 
mortality in the earlier ages is owing to the statistics running back to long 
periods, when the deaths were more numerous. 


Mortality in Officers (in Service Fund) according to age* per 1000 of 
reapective ages. 











Under 20.| 20-25. 25-30, 





30-35. 35-40. 







Madras Military Fund, 
1808-1857, e e 
Military Fund, . 
Madras Medical Fund, 
1807-1866, r) ° 





29 82°6 81°6 82 20°4 
12 22°38 24°5 27°5 29 
142 85'1 $4'1 83°4 
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The mortality among officers of 30 to 35 years of age is, therefore, nearly 
the same as among privatés, but at 35 to 45 it is very much less, More 
climatic conditions, acting more and more as age advances, can therefore not 
account for the greater mortulity of the private soldier, for they would act 
equally on the officer. No doubt the officer has a more frequent furlough to 
England ; but would this be capable of giving him such an advantage? I 
think we must conclude that other conditions apart from, or at any rate 
euperadded to, climate, must give rise to the large mortality of the private 


Mortality according to Service. 
The question can be further considered by taking into account the elfect of 


wenvice, The following table from Dr Bryden shows the effect of service for 
three years at the different ages :-— | | 





speed from he Hep for 171 of the Sanitary Commissioner (Dr Cornish) for Madras, 


BU. oe 
 Death-rate per 1000 tn the Buropean Army of Bengal, excluding Cholera. 


‘4 


First year of service, 


Whole army of 1865-70, 






















pred of pect : 
st year of service, 
Cholera, .  . ! en eas : 
3d year ” 
1865-70, | 
F ever, . e . } an war Q aa 
8d year ” 
Liha ge 
Heat apoplexy, . ! He ph ashlee 
8d 
1865-70, 
Delirium tremens, } rrp ed ad ahi 
3d year ty) ® e . 
1865-70, ; "67 1°82 2‘31 
Dysentery and Ist year of service, 1°44 8°28 5°51 
Diarrhea, : 2d year ‘3 1°33 1°26 2°66 
8d year - = 61 158 
Sectonm | | 38 | te 
st year 06, des : ‘ 
Hepatitis, . sea - ad 144 | 4°29 
3d year sie 1°37 3°48 
1) ee reeein | | S| BR 
ae 8 ear ca, éee of . 
Phthisis, ‘ . year 2°52 2:33 
8d year ‘ ees 2°22 2°18 
1865-70, pat 19 18 a 
Heart disease, . ae gaa oe “a 
8d 
1865-70, 


All other canses, . Pr peed of service, 






The first table in this page brings out forcibly the mortality of 
the first year of service at all ages ; the older shy A gic 
y ee Se year of service, and in the 

i the army. at large. To determine how. 
far this is owing to climate, we must analyse the causcs of this mortality, 
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The careful statistics of Dr Bryden enable us to answer this point with some 
accuracy. _ ’ 

Certain broad facts are at once shown by the second table on page 677. 
Leaving cholera out of the question,f the mortality from fevers is sean to be 
excessive in the first year of service, and to be far greater among the young 
mon ; in fact, in men over thirty it is trifling. These fatal fevers are largely 
made up of typhoid fever, which is known to affect young ns in a far 
higher ratio than older persons. Heat apoplexy, by which 1s meant all the 
forms of ‘ thermic fever,” is also extremely fatal in the first year, but its 
incidence is not on the young but on the old men ; on first arriving in India, 
men over thirty die seven times more from heat diseases than the men under 
twenty. Two causes may be here acting,—the organs of the older men may 
pi be able to see eae cule - easily a ager! nin) ~ 
those of young men (see page 441), or the organs (lungs, and brain) o 
the slday nen aay have ae injured by the drinking so common in the army. 
Probably both causes are in action, Delirium tremens kills no man under 
twenty, and very few under twenty-five ; its effect is most marked after 
thirty, and the table seems to show that the older drunkards die twice as fast 
during the first year in India as in succeeding years, as ifthe hot climate had 
an unfavourable influence, or they may drink more on first arriving. 
Dysentery is fatal during the first year, and especially in men over twenty- 
five; it is lees so in the second and third years, but is still higher than the 
average of the whole army. Its incidence appears to be, then, in the early 
years of service, and it is more prevalent or more fatal in the older men. 
Hepatitis kills scarcely any under twenty years of age; its fatality increases 
as age advances, until at thirty and over it is fifty times as fatal as uader 
twenty; the effect of service upon it is less marked than in the case of the 
other diseases. Its fatality is no doubt connected with advancing degenera- 
tion of the hepatic tissue, produced either by climate, or what is more likely, 
perbaps, by bad dietetic habits, 

When a regiment goes to India the diseases (excluding cholera) to be 
guarded against during the first two or three years are, for the young men, 
fevers (in part enteric), and dysentery ; for the old men, dysentery, heat 
diseases, and hepatitis. Asa regiment continues to serve in India health 
improves, until in the third year the mortality is (except in fever and 
dysentery) lower than the ayerage of the army on a term of years. We do 
not yet know how long this lossoned death rate continues, but eventually the 
mortality from heat apoplexy and hepatitis again inereasea, while dysentery 
and fever both decline. 


No doubt the inguiry will eventually lead to still more important results, 
but even now sanitary measures of value are pointed out. Enteric fever and 
have to be prevented among the young men, and theie is no 

reason to doubt that the success which attends preventive measures at home 
will equally reward similar efforts in India. These two diseases are greatly 
under the control of sanitary regulations, and their continuance is a slur upo 





* Dr Bryden’s statistics, os in the Reports of the Sanitary Commissioner with the 
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the application of our sanitary. knowledge. We may confidently anticipate @ 
decline in their prevalence and mortality. ee 

Thermic disesses and hepatitis among the older men first going to India 
can also be lessened. The diseases arising from heat (either on organs. 
insusceptible of accommodation or commencing to degenerate) must be met. 
by not subjecting men to the influence of heat. The inestimable boon of. 

ing on the hills all regiments which arrive from England will surely not 
ta much longer delayed. These statistics of Bryden prove its necessity, and 
it is happily a measure which — many other objects. Malaria is 
avoided, the chances of cholera are lessened, and the risk of typhoid fever 
probably diminished. No other plan can be devised which can accomplish 
eo much in the way of prevention, or can aid so greatly in p ing the 
vigour and power of the soldier. And then, by descent into the plains at 
certain times, the body will become accommodated to the changed conditions. 

It is now an order that no soldier shall go to India until he is twenty. 
years of age. This was not done because a man under twenty suffers more 
from climate and dies faster ; in fact he suffers leas and dies more alowly, but 
he is unfit for the complete work of a soldier until his frame has consolidated. 
As soon as this has taken place, however, it would appear that he should go 
to India as early as he can; and, if  pecagietg from cholera, enteric fever, and 
dysentery, he will for some years have as good health as at home, Up to. 
and inclusive of the third year his health will improve with residence; at 
some subsequent period it deteriorates, but the statistics do not yet show the 
precise year of service when this vccurs. When it is made out, and when it 
is clear that decided deterioration of health has commenced, the period of 
service should end, and the soldier should return home. 

The means of prevention of enteric fever, dysentery, hepatitia, and cholera 
have been already noticed (page 488 e¢ seq.) ; but it will be desirable in this 
place to notice some places connected with the mortality of cholera in Bengal, 
which appear to point to certain preventive measures. 


Cholera tn the Bengal Preside __,.. 


During fifty years (from 1818 to 1867) the mean annual mortality from 
cholera per 1000 of European strength in Bengal was no less than 9-4. It 
was the great cause of variation in the percentage of mortality from year to 
year. The cholera mortality was not owing, a3 might have been supposed, 
to service in the stations in Bengal proper (the so-called endemic home of 
cholera), for the mean mortality in Bengal proper was below that of the 
Punjab, where cholera is occasional, t.c., prevails only at certain seasons and 
in certain years. If we compare Bengal proper with two other. military dis- 
tricts, Agra with Central India, and the Punjeb (as representing Central India 
and the extreme north-west), two facts come out very clearly-—let. That in 
Bengal proper the mortality is more steady, but on an average of years is 
lower than in the other two districte, where the mean mortality is heightened 
by occasional tremendous outbreaks unknown in cholera’s endemic home; 2d. 

t in Bengal proper the Sepoy mortality is higher than in Europeans, while 

in the other stations it is much lower.} : 
+ The statistics referred to in this section are those given by Bryden in his valuable Re- 
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1861, ; : 688 
1862, 411 | B46 8:09 
1868, B17 | 4°26 90 
1864, . . 2°50 | 6-40 ‘oO 
1865, . .... 6-40 | 9°20 0 
1866, . . . | 190 | 708 0 
1867, . . . 250 | 8°50 8-9 
1868, . 1... 534 | 2°51 0 
1869, . bs | 448 7-38 
1870, 100 | 8-08 0 
71, 5.0... Bl | 1°25 07 


Although the numbers will not be quite correct, still as the strength of the 
Europeans and Sepoys did not vary much from year to year, the mean of the 
whole eleven years may without sensible error be taken from the above 
averages— 
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Mean of 11 years, . 


The above table is most instructive, and proves beyond doubt that while 
cholera is never absent from Europeans in Bengal proper* (the endemic home), 
it never attains the destructive prevalence which occurs in Central India and 
the Punjab, where it is sometimes entirely absent for years, and yet the 
severity of the outbreak, when it does occur, makes the mean Punjab and 
Central India cholera mortality of eleven years far greater than the cholera 
mortality of Bengal proper. 

Among Sepoys the mortality in Bengal proper is actually greater than in 
Europeans, while it is far less in the Upper Provinces, and in some outbreaks 
(as in Central India in 1861) the Europeans have suffered frightfully, while 
the Sepoys have been scarcely touched. 

What, then, is the cause that while in Bengal proper, where the conditions 
of cholera always exist, the mortelity!should be comparatively low, there 
should be such terrible outbreaks in up-country stations where cholera is only 
& Visitor, and why should these outbreaks affect the Europeans so particularly 4 
To answer this question we may select a few of the worst stations in Upper 
India, and see what the mortality was in the great epidemics of 1861-2-7-9. 


’ Mortality per 1000 of European Strength in different Epidemics. 








may “be quite free from cholera in one epidamic and suffer. frightfully tn" 
another. In Agra in 1861 there was-a tremendous outbreak ; in 1867 there. 

Ii'we now analyse the station statistios themeclves, the remarkable fact 
comes out that some of the severest outbreaks involved only « portion of the 





Thus, at Meerut, in 1867— | | 
The 19th Hussars were 430 strong,* and lost 1 man from cholera. 
5 batteries of artillery were 610 és 5 es 
The first bat. 3rd Buffs were 679 s 105 . 7 
The Sepoys had no death from cholera. 


At Mean Meer, in 1867— 
The Royal Artillery 470 strong, lost 4 men. 
The 106th Regiment 772 _,, ~ @O ~% 


At Umballa, in 1867— 
The 21st Hussara, 418 strong, lost 2 men. 
The 94th Regiment, 638 __,, i 


A battery of RHA, 144 > ‘ None. 
A battery of RELA., 133 |, "man, 


The Sepoy 8; 937 SC, ” 3 4 
At Lucknow, in 1869— 
Battery R.H.A, 131 = ,, . None. 


The 5th Lancers, 479 __,, ‘ 4 men. 
102nd Regiment, 685 __,, — wey 
62nd Regiment, 834 ,, » 43 4 
The Sepoys, 1767 =, ‘‘ 3 3; 


These facts show that the hypothesis of an epidemic influence produced by 
something floating in the air is incredible, and for such a partial distribution 
as is shown above would be impossible. If these figures prove anything, it 
is that the causes of the tremendous loss in these stations is not a generally 
diffused cause, but a well-marked local development, having narrow limita, and 
sometimes involving only a single : 

At Meerut, in 1867, while the 3rd Buffs were literally more than decimated, 
the Hussars and Sepoys were as healthy as if they had been in England. 

The figures.also show that the supposition that the difference in mortality 
between the Europeans and Sepoys is owing to difference of social habits 
(especially as regards latrine arrangements) is unlikely, for different bodies 
of peans in the same station suffer as diversely as Europeans and 


Sepoys. 

Te localising conditions, which give the intense apread to what is, no 
doubt, an imported agent, must be referable to either soil, water, air, or food. 
Faulty latrine arrangements, if they exist, must act through one or other of 
these. media, E procmay the ground, or air, or water. Tie inquiry into the 
local spread of cholera, if concentrated on the locality, and carried to the ex- 
heustion of every possible factor, muat surely solve this problem. It is as in 
typhoid fever at home, where everything often sceems & mystory until « 
tinute search is made, and then what seemed inexplicable is found to be 


But, without waiting for the solution of the cause of these localisations of 


° The virength js the average strength of the year, and te merely given to show the genecid: 
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cholera, the fact of'the localisation pointe out preventive measures which, as 
a rmoatter of reasonable precaution, onght to. be taken in every barrack in 
Upper India. where. these great outbreaks have occurred. These measures 
should be adopted on the ground of removing every Seg local cause, 
even though particular precaution may not have proved tw be 


NECERAALY, 

1. The influence of the ground should be excluded by the most thorough 
paving and cementing everywhere, and by careful examination and cleansing 
under every floor. 

2, A fresh water supply should be obtained at any cost, be from an un- 
doubted source, and be kept solely for the use of the barrack.* 

8. The cooking arrangements should be entirely remodelled, and the supply 
of every article of food carefully considered. 

4. The latrine arrangements should be remodelled, the places changed, and 
the system at every point scrutinised to see if soil, air, or water can in any 
way be contaminated by percolation or emanation. 

If, after adopting these measures, and carrying them out fairly in their in- 
tegrity, an outbreak still occurs, this cannot throw doubt on the correctness 
of the view which attaches so much weight to localisation ; it will only show 
that we have not solved the problem of the localising agency, and if no other 
local sanitary measures can be adopted it seems to me that the barrack should 
altogether be abandoned. But I believe this will not be found to be 
necessary.t 

With regard to Mean Meer, which has suffered so severely and so often 
from cholera, it is a very important fact that enteric fever has from time to 
time prevailed at that station, as in 1860-69-70. In the two latter years a 
careful examination of the water supply was made by Surgeon-Major Skeen, 
of the 85th regiment, who has kindly given me the evidence on the point. 
Although his view has been disputed, the facts he mentions in hia letter to 
me have convinced me that in both these years the water was the medium of 
introduction. The fact, as I believe it, of typhoid fever being thus introduced 
by well water (temporarily used in the absence of canal water), the chemical 
analysis showing fecal impregnation of this well water, and the existence of 
sources of fecal contamination of water, all seem to me strongly to indicate 
that cholera evacuations would also, in all probability, pass into. the water, 
and might account for the fearful outbreaks at Mean Meer. At any rate there 
can be no doubt that means aHiould be taken to entirely close the wells, which 
are occasionally used, and if the canal water which is ordinarily used does 
not give a sufficient supply at al times of the year, that a fresh source should 
be brought down at any cost. The strong facts given by Dr De Renzy 
respecting Peshawur prove that the same course should be adopted in that 
station, These measures are imperatively demanded asa matter of precaution, 
aud no theoretical arguments that the water is not to blame ought to be 
allowed to override them. 


Pithisie in India. 


The amount of Phthiais in India ig a highly spare ton Dapeng and in 
the following table I have calculated the admissions, deaths, and invatiding 
from this cause for two successive periods of four years each ; the admissions 
and deaths are aleo added for the six yeats ending 1876. 
\qostegperhepenereaniopacttomngencocntaaiv candace dapat caey mein nf : . . 
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* For the meawares to be adozted during the opidemia, see pagn 48a 
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Phthieis, including Homoptysis per 1008 of Strength. 
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ADRAS. 
4 years--(1863-#6), . 
4 years—(1867-70), * 
6 years—(1869-74), . 


How regularly the causes of phthisis must be acting, is seen in the fact 
that in four years, 1863-66, 74 men died from phthisis in the Bombay 
Presidency, and 73 in the Madras Presidency, the mean number of froo 
being in each case almost precisely the same (12,119 and 12,612). In the 
next four years, with a smaller number of troops, 53 and 55 died in the two 
Presidencies. In the Bengal Presidency the deaths are higher, but the in- 
validing is leas, so that the slight difference iscompensated. More men died, 
and fewer were sent away, 

The table seems to me to show clearly that the immense range and varia- 
tion of climates in which the troops serve in India, produce no effect whatever 
on the production of phthisis; and this inference is again atrengthened by 
the fact that the mortality in Bengal from phthisis is almost precisely the 
game as in Canada (1‘707 and 1°71 per 1000). 

If the Indian mortality and invaliding are compared with the table already 
given of phthisis in the home army (p. 609), it will be seen that there is 
decidedly less phthisis in India. The mortality is less, and the invaliding is 
far below. There can be no doubt, then, that the causes of phthisis me ak 
active in India than at home; and if these causes are not climatic, must the 
difference not be found in the larger breathing space and greater lateral 
separation men have in India? 

It would be interesting to have some certain statistics of the amount of 
phthisis in former years, when men were more crowded; Ewart* gives the 
deaths in the Bengal Presidency, from 1812 to 1831, as 26 1000 of 
strength, and from 1832 to 1851-52, as 1°8 per 1000. In the Bombay 
Presidency, from 1803 to 1827, they were 1:6, and from 1828 to 1852, 1:4 
per 1000. Ewart thinks this indicates a large decrease, but doubts whether 
this may not be owing to more accurate diagnosis. The table just given 
shows, however, that in Bombay at any rate the deaths in the years 1863-66 
were as great as in 1828~52. the early period, however, there may have 


been lees invaliding. In the absence of statistics, the queation of the 
relative amount of phthisis now and formerly seems to me impossible to be 


With re to the cure and prevention of inia, it seema a great pity 
to send phthisical invalids to England, where die at Netley, or are cast 
out to die miseeshly among the civil popalation, w in the Himalayas there 
are elevated Ii which must be particularly adapted for the successful 


Vital Ghetinties of the Axpaiee in India, 3B50;—.164, 
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treatment of consumption. ‘When means of communication are improved, it 
is possible that we may see phthisical invalids going from Europe to the high 
peaks of the Himalayas, and why should not the pee soldier, who is 
actually in India, benefit by the mountain ranges? A phthisical sanitarium, 
at an altitude of 10,000 feet, would be likely to cure the disease in many 
cases, if it were diagnosed early, and then if the men were afterwards 

on the lower hill stations, they would probably become perfectly strong. To 
send these men home to England, is condemning them to almost certain 
death. Formerly the distance in India would have been fatal to such a plan, 
but now, by proper arrangements, even weakly men could be brought from 
all parts of India. Dr Hermann Weber, who has paid great attention to the 
effect of altitude on phthisis, holds very decided views as to the beneficial 
effect of such an arrangement, and has already urged this point on the atten- 
tion of the authorities. 

The other diseases of the lungs are not unknown in India. Pneumonia 
gives a mortality in Bengal of about ‘5 per 1000 of strength, or a little less 
than at home (=°571); while in the other two presidencies it is not half 
this amount, Acute bronchitis also causes in all the presidencies a mortality 
almost precisely the same as at home (‘27 and ‘285 per 1000). 


Loss of Service—European Trocpe. 


The admissions and mean daily sick have been already given. 

As compared with home service, a larger number of admissions, a greater 
daily number of sick, and a shorter duration of cases, and a larger mortality, 
indicate not only more sickness, but the presence of very rapid mortal diseases, 
which shorten the mean duration of all cases. 

The chief causes of admissions are “ paroxysmal and continued fevers,” 
venereal disease, dysentery, rheumatism, integumentary diseases, and digestive 
affections (not hepatitis). Hepatitis and cholera cause few admissions, but a 
large mortality. 

ith regard to the prevention of those several diseases, enough has been 
said on the chapter on the Prevention or Diszase. There is no doubt that 
much may be done, and probably the sickness and mortality will be reduced, 
if hill stations are used to the same ratio as in the West Indies. 

It is most satisfactory to.find that the sickness and mortality are both 
rapidly falling, owing to the energetic means now being adopted by the 
Government, and to the increased sanitary powers and improved curative 
means of the medical officers. 

The a arg of venereal disease demands as much attention in India as 
in England, tut the preventive measures will be much easier. Police regu- 
lations and proper surveillance are now being enforced, and Lock hospitals 
are established in many places. At present twelve men per company are 
allowed to marry, and it hae vipa rink military officers that 25 per 
cent. could be so allowed. This is much to be desired ; but if it be done, the 
Government must face certain results ; proper quarters must be provided, and 

for disposal of the women in times of service. dapat Pig Aogarnapr 
or married men not to move regitnents too a pear Ei plan of 
giving a regiment two years’. service in the and one on the plains be 
pee me ee ee obably it will be 
found that a longer hill service can be given without injury.” : 





ad ‘The new short survise system will probably change the aspect of the quastion. : 
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Lavaliding of European Troope, a 

During the last few years the invaliding statistios of Bengal have been 
given with great care by Dr Bryden.* The invaliding ratio, from all causes, 
in the Bengal European army, hes varied in ten years (1861-70) from 2809 


in 
to 53-98 per 1000 of 
In the Bengal army the ratios were per 1000 strength— 


Years, Under 24+ = 26 to 80. 80 and upwards. 
1865-70, ‘ ; 26°55 89°74 78:34 
1871, _ . ° ‘ 25°95 40°42 68.14 


The invaliding is high during the early years of service ; in 1871, out of 
2357 invalids whose residence in India was known, 1202, or 61 per cent., 
had been only from one to three years in India. . 

The chief causes of invaliding are phthisis, heart affections, hepatitis, and 
eee debility, and the following table, from Bryden, shows the ratio of 
these classes :— 


Chief Causes for Invaliding. 


Phthisi : : 
Heart Affections, 


H titis, . ® ° 
General Debility, ‘ 
Per cent, of Total Invaliding, 





The total invaliding is made up of those sent home for discharge and for 
change of air. From one-third to nearly one-half of all invalids are in the: 


latter category. 
Mortality of Native Troops. 


Colonel Sykes gives the mortality for 1825-44 as 18 per 1000 of strength 
for all India ; and for Bengal, 17-9 ; Bombay, 12°9 ; Madras, 20°95, 

In Madras, from 1842 to 1858, the average was 18 per 1000 (Macpherson), 
of which 6 per 1000 each year were deaths from cholera. 

Ewart gives the following numbers (p. 36), per 1000 of strenyth—Bengal 
(1826-1852), 13:9; Bombay (1803-1854), 15°8; Madras (1827-1852), 
175. 

Taking successive quinquennial periods, there has been a alight progressive 
dace tn mortality, but this is Lia tated than in -saeleon 

The excess of mortality is chiefly due to cholera, dysentery, and fever. 

In Bengal, in the years 1861-67, the annual mortality per 1000 of men 
present with the regiments was 14°57. In Madras the average mortality in 
“The fellowing table gives the mortality of troop pet 1000 of strength 

ollowing table gives the mortality of native per of stren 
in the presidencies of Madras and Bombay in 1870-71; and for Bengal in 
1870-71 and 1875. | 


* Vital Statistics of the Bengal Presidency, 1870; and-7th and Sth Reports of the Saut 
Commissioner (De Caninghamn) withthe Goverment of India 1 must sefer £0 these elabe 
ae in the Arm Medical Reports the rstioe are now given for eech biennial peciod to 80: 
years of age. Report. for 1875, vol, xvi.) a ie eg 
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Atrophy and Anemia, . 
Wounds and Acvidents, 
All other Causes, . ; 98 | 1°30] 0°95 
Died out of Hospital, . °45 "81 : 


Total, ‘ ~ | 15°88 | 15°04 | 18°55 














SECTION IX. 


CHINA. 
Hone-Koxea. 


Although the English have occupied Canton, Tientein in the north, and 
several other places, yet, as their occupation has been only temporary, it 
suems unnecessary to describe any other station than Hong-Kong. 

Garrison of Hong-Kong about 1000 to 1500, but differing considerably 
according to the state of affairs in China. 

The island is 27 miles in circumference, 10 long, and 8 broad at its widest 
ae ‘ 

Geology.—The hills are for the most part of granite and syenite, more or 
leas weathered. In some parts it is disintegrated to a great extent, and clayey 
beds (laterite) are formed, which granite boulders may be embedded. 
Victoria, the chief town, stands on thie disintegrated granite. As in all other 
cases, this weathered and clayey granite is said to be very absorbent of water, 
and, especially in the wet season, ie considered very unhealthy. 

Olimate.—Moan annual temperature, 73° Fahr.; hottest month (July) 
age oe month (January), 52°75 ; amplitude of the yearly fluctua- 


The humidity is considerable, about 10 grains in a cubic foot of air in July, 
and four in January. | 

“The N.E. monsoon blows from November to April ; it is cold, dry, and is 
teually considered healthy and bracing ; but if persons who have suffered 
from malaria aré much exposed to it, it reinduces the paroxysm. ‘The 8.'W. 
monsoon ‘blows from May to Ontober ; it is hot and damp, and is considezed 
saben, hap Ung The difference in the thermometer between the two 
monsoons has heen said to be as much as 46°, but this seems excsssive, 

“The rainfall is aboot 90 inches with the 8:W. monsoon. , a 
_ dn addition to Vioboria, there are two or three other stations which: have 
been occupied as eanitaria, viz., Stanley, seated on-a peninsula on the south 
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end of the island, and about 100 feet above the sea; and Sarivan, 5 -miled” 
eaat of Victoria. sipcr poops apes errata ee eg vi 
very bad at Stanley, are exposed too muc di, monsoon, whic 
egies times, ie cold and wintry ; during the 8. W. monsoon it is healthy, 
Sarivan has always been unhealthy, probably from the neighbourhood of rics 
fielda. Since the close of the last war a portion of the mainland, Cowloon, 
opposite Victoria, has been ceded, and has been see “ald by troops. It is 
said not to be, however, even so healthy as Hong-Kong,* but there are 
differences of opinion on this point. 

Hong-Kong has never, it is said, been considered healthy by the Chinese, 
The chief causes of unhealthiness appear to be the moist laterite and weathered 
granite, and the numerous rice fields, Indeed, to the latter cause is ascribed 
by some (Smart)t the great unhealthiness, especially when the rice’fields are 
drying in October, November, and December. 

Local causes of unhealthiness existed till very lately in Victoria, In build- 
ing the barracks the Po clay was too much eut into, and, in addition, the 
access of air was impeded by the proximity of the hills. The 8. W. monsoon 
was entirely shut out. Till lately sewerage was very defective. 

Owing probably to these climatic and local causes, for many years after its 
occupation in 1842, Hong-Kong was excessively unhealthy. Malarious fevers 
were extremely common, and not only go, but it is now known that typhoid 
fever has always prevailed there (Becher and Smart). Dysentery has been 
extremely. severe, and has assumed the peculiar form of lientery. This wes 
noticed in the first China war, and appeara, moro or less, to have continued 
since, In addition to these diseases, phthisis appears to have been frequent. . 

‘There have been of late years such frequent wars in China, that the exact 
amount of sickness and mortality, due to the climate of Hong-Kong, cannot 
be well determined. But it is becoming much healthier than in former years, , 
owing to the gradual improvement in sanitary matters which goes on from 
year to year. In 1865 there waa, however, much sickness, owing apparently 
to overcrowding, and to bad accommodation. 

In the Statistical Reporte, the troops serving in Hong-Kong, Cowloon, 
Canton, and Shanghai, are classed together, so that the influence of Hong- 
Kong per se cannot be known. : 

In the years 1859-66, which include years of war, the admissions in South 
China averaged 2131, and the deaths 56°25, or, exclusive of violent deaths, 
52°63 per 1000 of strength, and there was in addition a large invaliding, 
Paroxysmal fevers gave 609 admissions and 7°77 deaths ; continued fevers, 
25:25 admissions and 4°17 deaths ; and dysentery and diarrhcea, 249 admis- 
sions and 16-3 deaths per 1000. In later years the mortality was less ; in 
1869-70, it was 16-02, and in 1871 only 5°82 per 1000 of strength, and of 
these only 3:88 was from disease. In 1875 it was 9°44. It is evident -that 
the causes of sickness and mortality aronow being brought under control. t 





* Bee rt of Surgeon Bnell, Army Medical Report, vol. v. p. 860, for the causes 
the unlveatthineee of Ove lone. . s * 

+ Transactions of the foc., vol. i, p. 191. This ‘should be consulted for an 
excellent account of Bong aid of the d among: especially. 


‘ft Avdtrdlia ond Now 5e The withdrawal ‘of the troops from these colonise renders 
ss kamooumbary to give exp datistien! details, : 


CHAPTER V. 
SERVICE ON BOARD SHIP." 


Sueviow on board ship must be divided into three sections, corresponding. to 
three different kinds of service. 

1. Transport ships, for the conveyance of healthy soldiers, their wives and 
children, from place to place, or for conveying small parties of troops in charge 
of convicts. ; 

2, Transportes for conveyance of sick from an army in the field to an hospital 
in rear, or from a foreign station to asanitarium, or home. Although theterm 
is a little odd, it is convenient to call these ships Sick Transporta., 

8. Hospital ships, intended for the reception and treatment of the sick, 


* Although the conditions of life on board ship are most important, it is not possible for me, 
with due regard to space, to enter into the subject. But the necessity of thorough study hea 
been well shown by a very valuable essay of Dr Rattray’s, read before the Medico-Chirurgica} 
Society in 1872, and from this I extract a few points of great interest. In H.M. frigate, 
Bristol, used for training of cadets (wooden ship, ventilated chiefly with windsails, the 
results of 150 analyses of the air between decks, during voyage to the Cape and back (average 
sleeping cubic space 105 to 222 cubic feet for the crew, and from 242 to 506 for cadets), showed 
that the impurity was immense ; the average CO, was no less than 16-4 volumes per 1000, 
with 9 range of from 4'2 up to $8-71 volumes in the most crowded » The reason, no doubt, 
of this most unusual amount, is not only great crowding, but a constant residuum of 
impurity, arising from continued occupation an very slow renewal of air. In parte also the 
products of combustion accumulate. Rattray mentions that lime-wash soon gets discol 
and efferveaces with acid. In the tropics, although the ship was more open, the air was as 
ayers aa in colder regions, owing, no doubt, to its greater atagnancy. Sulphuretted hy 
and sulphide of ammonium, derived from decomposition of the sulphates in bilge-water, &c., 
from rotten timber, and from 1000 tae excreta, existed in considerable amount, from 
000578 to 049049 volumes per 1000 (the latter was in the bilge); it was most where the 
crowding was greatest. Ammonia was also in large amount; ozone was deficient, and was 
almost wanting in the lowest parts of the ship; the quantity of substances decomposing 

otassic permanganate was great, 1 mil me of eer ep-aaa being destroyed by from 

eubic feet (in the cells) to 12 cubic feet (lower devk). As regards temperature, the air was 
cooler by night than day, but was warmer by 8° or 4° than the external air. suspended 
matters in the air of the ship.were large in amount, and consisted of debris ef wood, metal, 
sail, rope, clothing, epithelium, and gritty matter ; 3 grains of fine greyish dust He between 
the beans of the lower deck gave 78'34 per cent. of Restractible matter, and 26 cent. 
of mineral substance. In the air of the lower and main deck, there were minute ving ge 
lega of insects, and small round and oval bodies, similar to those described by 
Trautman. Dr Rattray points out the highly deleterious effect of breathing such an atmo- 
aphore as this on the great function of respiration and aeration. 

The following examination of bilge-water, collected seven days after the bilge had been 
al in of interest. ‘The specific gravity (at 74° Fabr.) was 1081, the seawater being } 

( HL acai Misa liner ear supernatant strongly alkaline fluid, with a fotid 
evolving sulphuretted hydrogen in sufficient amount to darken, in five minutes, 

paper soaked in acetate of lead solution, and held over it. There was s copious 

ieasive sediment, showing under the microscope amall particles of w sand, ,w 

wash, ko. It is clear that the sea-water, after passing into the ship, became concentrated, and 

wiser matiiear of tller ater examined at N by Drs Macdonald and de Chautaont 
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SECTION £ 
TRANSPORTS FOR HEALTHY TROOPS, 


The use of Government transports has very much altered the duty of medi- 
cal officers on board. The transports are really men-cf-war, t2, officered by 
the Royal Navy, and under naval regulations. The medical officer of 
has therefore nothing to do with the veesel and its arrengementa It seams 
improbable that hired transports will be much if at all used in future, and 
ee ee een, rere 

wor 

In case there should be any eervice of the kind, the Queen's Regulations 
(section xxii., Duties on Board Ship) and the Medical Regulations (part iv. 
section v.) have to be carried out. 


SECTION IL 


TRANSPORTS FOR SICK TROOPS. 


No specific regulations are laid down with respect to these hired shipa, but 
it would be very desirable to have some set rules with respect to space, dist, 
and fittings. Invalids are now carried from India and the Colonies in Govern- 
ment transporte ; occasionally hired transporte are used. At present the diet 
of invalids on board the hired transports is not good. In respect of fittings, 
pie use of swinging cota for feeble men, and well-arranged closets for dysenteric 

eal important, So also with the cooking ; the coarse ship cooking 
to many patient If there is need of Government transports 
for sa men, the necessity is still greater for sick men. 

As far as possible, the sick should be treated on deck in fine weather, s 
good awning and a comfortable of the deck being appropriated to them, 
I believe that it would be good plan not 10 send home officers and sick men 
in the same ship, but to have officers’ ehipa, ao as to give up the poop to the 
men in the ships which carried them. This division will be a gain to both. 

In time of war, sick transporte are largely used to carry troops to hospitals 
in rear. For this purpose good roomy steamers must be chosen. For economy's 
sake, they will gunerally be large, and probably with two decks ; they should 
never have more, and indeed a single deck is better. But if with two decks, 
each space aa e y ventilated by tubes, so aa, as oe an 
pe loca emai : air from the lower to the up oret 
cases ho on the upper deck, especially surgi 

The decks of theso vassels should be as loar as possible, ao that men ean be 
pane An apparatus should be arranged for hoisting men on deck 

m below. 

Xt has been proposed to fit these shi with iron bedsteads, and no doubt 
this gives the men more space ; but a plan still would probably be to 
have short iron rods, to which every oot could be suspended. The sick men 
might be carried in their cots on board, and again removed. If the rods are 
mintie about 14 inches high, and beat in ab the top 0o as to form « hock, a not 
is hung easily, and will swing. There is space enough below to put 6 close- 
stool or pan under the man without stirring him, if « fap is left pen. in the, 
canvas, and hole left in the the thin mattrom, 

- Fined beeths bc ar not god, bat wane mt bs proved 8 Some vots ‘oan, 
‘Samper said evo all hey vic, bende Probably every. sick 
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the deck, iron standards for swinging cots, cots swinging from the roof, low 
berths, and hammocks. 

In these sick transports the kits and clothes must be stowed away ; and as 
they are often very dirty and offensive, 4nd sometimes carry the poison of 
typhus and other diseases, the place where they are put should be constantly 
fumigated ‘with nitrous and sulphurous acid alternately. Robert Jackson 
mentions that dirty clothes and bedding may be soon washed sweet by mix- 
ing oatmeal with salt water. 

Directly a sick transport has landed the sick, the whole place should be 
thoroughly washed and scraped, then the walls and ceiling should be lime- 
washed, and the between-decks constantly fumigated till the very moment 
when fresh sick embark. | 


SECTION OL 
HOSPITAL SHIPS. 


These are ships intended for the reception and treatment of the sick,—float- 
ing hospitals, in short. Whenever operations are undertaken along a seaboard, 
and especially when a force is moving, and places for fixed hospitals cannot 
be assigned, they are indispensable. They at once relieve the army from a 
very heavy encumbrance, and, by the prompt attendance which can be given 
to the sick, save many lives) They should always be organised at the com- 
mencement of a campaign. In the late Abyssinian war three hospital ships 
were used. Their fitting out was carefully superintended by Deputy-Inspector- 
General Dr Massy, and appears to have answered admirably. A full account of 
one of these ships : Queen of the South”) was given by the late Staff-Surgeon 
Charteris, to which reference may be made. The ventilation, as shown by 
the amount of carbonic acid ois per 1000 volumes) was very good.* The 
superficial space between decks per man was on the night of the experiment 
154 feet, and the cubic space no less than 1076. During the Ashanti war 
(1873-4) the line of battle ship “ Victor Emanuel ” was used as an hospital 
ship, and was most successful. A very full and detailed account of it is given 
by Surgeon-Major T. M. Bleckley, C.B., in medical charge (see Army Medical 
Reports, vol. xv. p. 260.) The floor space per head was generally about 50 
re bressti and the cubic space about 480,.although it was originally intended 
to be less, 

However convenient, and indeed necessary, they are, it must be clearly 
understood that they are not equal to an hospital on shore, It is impossible 
to ventilate and clean them thoroughly. The space is small between decks, 
The wood gets impregnated with effluvia, and even sometimes the bilge is 
contaminated. I have been informed by Dr Becher, late pathologist in 
China, that even in the very best of the hospitals used there, it was quite 
clear that in every wound there was evidence of a slight gangrenous tendency. 
Tn fact, it is perhaps impossible to prevent this, except by the moet vigorous 
antiseptic treatment. 

The principle of separation should be carried out in these shipe—one ship 
for wounded men, another for fevers, a third for mixed cases; or if this 
cannot be done, separate decks should be assigned for wounded men and fever 
casea, In fine weather the sick should be treated on deck under awnings. 
The betweendecks must be thoroughly ventilated, and all measures of 
fumigation, frequent Time washing, &., must be constantly employed. 
Charcoal, also, in substance should be largely used, and is, in fact, quite 
i eae meee et an emanate a) 

. thank Dr Woodward for me to read his excalie : 
ay SLY as ts treet a et Re 


HOBPITAL SHIPS. RF 


indispensable. Warming by stoves must be used in damp and cold weather, 
and, if so, advantage should be taken of this source of heat, and of all lights, 
to improve ventilation. a 

Ships of one deck are better than two; but as they will hold a very amall 
number of sick, two decks are commonly used. But not more than two 
decks should be used; and if there be a third or orlop deck, it should be 
kept for stores, Sometimes, if there are two decks, the upper deck is used 
ifor officers and the lower for troopa, but the reverse arrangement should be 


opted. 
: The ventilation of the between-decka, in addition to Edmond’s plan, should 
carried on by tubes, which, if the central shaft is acting, will be all inlete, 
ind can be ao arranged as to cause yood distribution of the aix. 
. The fittings of an hospital ship ahould be as few and simple as possible, 
and invariably of iron Tables should be small, and on thin iron legs 
Swinging cots (as noticed in the former section) are indispensable for wounded 
men, and the appliances for the receiving and removing the excreta of 
dysenteric and febrile patients must be carefully attended to, Berths should 
oe be of wood, but of iron bars, which are much more easily laid bare and 
cleaned. 

The supply of distilled drinking water should be as large as possible, and 
a good distilling apparatus should be on board, whether the vessel be 
steamer or not, 

The laundry arrangements are most important, and I believe it would be a 
good plan, on a large expedition, to have a amall ship converted entirely into 
6 laundry. It would not only wash for the sick, but for the healthy mon 
also. So also a separate ship for a bakery is an important point, so as to 
have no baking on board the hospital ship. 

On board the hospital ship there should be constant fumigation ; lime- 
washing, whenever any part of the hospital can be cleaned for a day or two, 
and, in fact, every other precaution taken which can be thought of to make 
the floating hospital equally clean, dry, well aérated and pure, as an hospital 
on shore. 

On board hospital ships it is often easy to arrange for sea-bathing and 
louching ; it should never be forgotten what ixoportant curative means these 





re, | 
In case pyemia and erysipelas, or ital gangrene occur, the cases must 
» treated on deck, no matter how bad the weather may be. Good awnings 
‘o protect from wind and rain can be put up. 
If cows or goats are kept on board to supply milk, their stalls must be kept 
horoughly cleaned. But generally it is better to obtain milk from the shore, 


CHAPTER VL 


WAR. 


Tue trade of the soldier is war. For war he is selected, maintained, and 
taught. As a force at the command of a government, the army is also an 
agent for maintaining public order; but this is a minor object, and only 
oecasionally called for, when the civil power is incompetent. 

In theory, an army should be so trained for war as to be ready to take the 
field at literally a moment's notice. The various parts composing it should 
be so organised that, almost as quickly as the telegram flies, they can be 
brought together at any point, prompt to commence those combined actions 
by which a body of men are moved, fed, clothed, kept supplied with muni- 
tions of war, maintained in health, or cured if sick, and ready to undertake 
all the engineering, mechanical, and strategical and tactical movements which 
constitute the art of war. 

That an organisation so perfect shall be carried out, it is necessary that all 
its parte shall be equally efficient ; if one fails, the whole machine breaks 
down, The strength of a chain is the strength of its weakest link, and this 
may be said with equal truth of an army. Commissariat, transport, medical, 
and engineering appliances are as essential as the arts of tactics and strategy. 
It is a narrow anda dangerous view which sees in war merely the movements 
of the soldier, without recognising the less seen agencies which insure that 
the soldier shall be armed, fed, clothed, healthy, and vigorous. 

During peace the soldier is trained for war. What is meant by training 
for war? Not merely that the soldier shall be taught to use his weapons 
with effect, and to act his part in that machine, where something of mechanical 
accuracy is imprinted on human beings, but that he shall also know how to 
meet and individually cope with the various conditions of war, which differ 
s0 much from those of peace. 

It is in the nature of war to reinduce a sort of barbarism. The arts and 
appliances of peace, which tend, almost without our care, to shelter, and 
clothe, and feed us, disappear. The man reverts in part to his pristine con- 
dition, and often must minister as he best may to his own wanta, No doubt 
the State will aid him in this; but it is impossible to do so as completely as 
in peace. Often, indeed, an army in war has maintained itself in complete 
independence of its base of supplies, and in almost every campaign there is 
more or lees of this independence of action. 

Tn peace, the soldier, as far as clothing, feeding, shelter, and cleanliness are 
concerned, is almost reduced to the condition of a passive agent, Everything 
is done for him, and all ee brought into play to save 
labour and to lessen cost. Is this the proper plan? ‘Looking to the condi- 
eft, lie penllagupkarremiae saeas. per in er ee 
who may suddenly be called upon to quit the appliances of civilised life, 
ile neo race aaa his own powers for the means of comfort, 


even su ? ! 
There is a general impression that the English soldier, when placed i 
exusoustomed Greatattaness, can do nothing for hizaself, atl is beiplose. if 
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ao, it is not the fault of the man, but of the system, which reduces hin to 
such a state. That it is not the fault of the man is shown by the fact that, 
however helpless the English soldier may appear to be in the first campai 
he subsequently becomes as clever in providing for himeelf as any man. 
Crimean war did not perhaps last long enough to show this, but the Peninsular 
war proved it. The soldier there learned to cook, to house himself, to shelter 
himself from the weather when he had no house, to keep himself clean, and 
to mend and make his clothes, Was it not the pee ee 
as well as the mere knowledge of movements and arma, which made 
Duke of Wellington say that his army could go anywhere and do anything? 
And the ware at the Cape and in New Zealand have shown that the present 
race of soldiers, when removed from the appliances of civilised life, have not 
lost this power of adaptation. 

The English soldier is not ae eng he is simply untrained in these things, 
and so long as he is untrained, however perfect he may be in drill and 
manceuvre, he is not fit for war. The campaign itaelf should not be his 
tutor; it must be in the mimic campaigns of peace, in which the stern 
realities of war are imitated, that the soldier must be trained. Our nt 
field-days represent the very acme and culminating point of war,—the few 
bright moments when the long marches and the wearisome guards are rewarded 
by the wild excitement of battle; but the more common conditions of the 
campaign ought also to find their parallel. Since the Crimean war, much 
has been done to instruct the soldier in the minor arte of war. The establish- 
ment of camps has to some extent familiarised him with tent life; the dying 
columns which go out from Aldershot show him something of the life of the 
bivouac, and the training in cooking which Lord Herbert ordered is teaching 
him how to prepare his food. The Autumn Manceuvres have extended thia 
system, and are now making him familiar with the chief conditions of the life 
in campaigns. 

A campaign can never be successful unless the men are healthy. How are 
men to be trained so as to start in a campaign in a healthy condition, and to 
be able to bear the manifold trials of war? The answer may be given under 
three heads— 

1. Preparation for war during peace. 
2. Entry on war. 
3. Actual service in war. 


SECTION L 
PREPARATION FOR WAR DURING PEACE. 


The various conditions of war, which ere different from those of peace, 
are— 

1. Exposure to the Weather.—It is a constant observation that men who 
have led out-door lives are far more healthy in war than men whose occupa 
tions have kept them im honees. The soldier's life should be, therefore, an 
outdoor one. This can only be done properly by keeping him in tente during 
the summer. It would be well, in to tent the army from the 
middle of May to ‘the end of September.every year. The expense should be 


are too like ordinary barracks. As the soldier has often to aleep ont in waz, 
he should be accustomed ‘to this also in peace—warm summer nights being 
first selected to train him, It will scon be found that he will. soon 
acquire the power of resistance to cold. This plan will also tesé the-uislity of 
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his vlothes.* Xé his been found by experiment that, ‘by cateful’ trsining, 
even delicate persons. can bear sleeping out at night, even in tolembly ‘edld 
weather, without injury, provided there be no rain, At the latter end of the 
summer, it would be well to expose the men even to rainy nights, their clothes 
being adapted for this, by the supply of waterproofs; and in the very useful 
Autumn Manoeuvres this plan might be tried with advantage. 

At the same time, it is important to have the men raised off the ground, 
both when in tent and lying in the open air, in all countries where the ground 
may be moist, or cools rapidly during the night. A very useful field 
hammock has been invented by Captain M‘Quire; it consists of a strong 
woollen material, which is suspended on two sticks by means of guide-ropea, 
It makes a comfortable bed, and keeps the body very warm. 

It may be thought that training of this kind is needless, and that it may 
be left to the campaign to accustom the men to exposure, but this is not the 
case; a number of men are rendered ineflicient at the commencement of a 
campaign simply by the unaccustomed exposure. ‘ 

2. Tent and Camp Life.t—The pitching, striking, and cleansing of tents 
(see page 558); the digging trenches round the tents, and providing for 
general surface drainage; the arrangement of the interior of the tent, &c., 
should all be carefully taught. So also the camp life of the campaign should 
be closely imitated, and the rules of conservancy most strictly carried out as 
& means simply of teaching what will be of such importance in war.t 

3. Cooking of Food.—No doubt, in future wars, all governments will 
endeavour to supply prepared and cooked food (see page 271), so as to lessen 
the cost of transport and the labour of the soldier. But as this cannot always 
be depended upon, the soldier must be trained to cook his ordinary rations. 
This should not be done for him ; he ought to do it himself merely with the 
ga he would have in war, viz, his camp-kettle, canteen, and tin 

te, , 


At the commencement of a campaign many men lose flesh and strength, or 
suffer from diarrhoea, from the food being badly cooked and indigestible. 

In the Peninsular War the men became admirable cooks. At first very 
large camp-kettles, intended for half a company, were used, and were carried 
on horses. They did not answer, and the men left them behind. After- 
wards smaller camp-kettles were supplied, one for each mess of six or eight. 
Luscombe mentions that the supply of salt was found to be a very important 
point; he says, he had no idea of the value of this condiment till he saw the 
way in which the men saved every little particle ; without it, in fact, animal 
and even vegetable food is unsavoury. 

In the French army on service 8 or 10 men form a corporal’s detachment, or 
“Sescouade.” They have between them one kettle and cover (marmite, 
weight 1-7 kilog.), one large bowl (grande gamelle, weight 1 kilog.), and one 
large drinking vessel (grand bidon, weight 1-5 kilog.) Each man has for his 
personal use a small bowl (petite gamelie), and a small drinking vessel (petit 
bidon). They are all of tinned iron All these vessels are carried by the 
men, the larger vessels being taken in turn by the men of the mess, 
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Tt may ‘be concluded with tegard to this very important matter.of qnokityr | 
‘utensil, that a man should have a small but very strong cantéen, made ‘or 
unsoldered tin, and with a good deep lid, with a handle which may serve: 92 
a frying-pan or second ‘vessel, ag well as a cover. The shape of the canteen 
should be long and flat, and not = than is necessary for cooking, #0 
that it may be easily carried. Then all the other vessels, the camp-kettles 
for each mess, and the large water vessels, should be carried for the man. 
They should be made of thin steel, which is very light for its strength, very 
durable, and is not acted on by the food. 

The different kinds of camp cooking to be taught are stewing, boiling, and 
making soup, making tea and coffee, cooking preserved vegetables, making 
cakes of flour, and oatmeal porridge. 

Reference has already been made to the great importance of not keeping 
men too long without food. By a little arrangement men can always 
food, and the proper organisation of supplies and regimental transport would 
always enable a commanding-officer to have some food for his men. In 
almost all marches, with large bodies of men, and in many actions, there are 
long periods of inaction during which men could eat food which had been 
already cooked. The effect of this upon their strength, endurance, and even 
courage, is remarkable. Some instances have been related to me by officers 
in which failures resulted entirely from the exhaustion of the men produced 
by want of food. Surely it is useless to supply ammunition for guns if the 
men who are to work have no supply of force issued also to them. 

4, Water Supply.—As impure water is a great cause of sickness in war, the 
soldier should be taught how to recognise impurity, and how to use the simple 
methods of purification with charcoal, alum, tea, boiling, &c. (See chapter 
on WATER. ) 

5. Mending Clothes,—Every soldier carries a hold-all, but many cannot 
use it properly. It may be suggested whether, in the workshops which are 
now being established, it would not be well to let every recruit have a 
month’s practice in repairing clothes, and especially boots; simple plans of 
repair being selected if it be possible. : 

6. Cleanliness.—In war a source of disease is the want of cleanliness. 
Very soon the person and clothes get covered with lice; all the garmente, 
outer as well as under, get impregnated with sweat, and become very filthy. 
The best generals have always been very careful on this point, and have had 
frequent washing parades, As washing clothes is really an art, the soldier 
should be taught to do it, not by machinery, but in the rude fashion he must 
practise during war. Clothes can be partially cleaned by drying and beating, 

The hair should be cut short. In the absence of water for washing, the 
best plan is the small-tooth comb, to keep the hair free from vermin, and it 
may hs @ question whether one should not be supplied to every soldier. 

Washing the whole body in cold water, whenever it can be doris, is not 
only bracing and invigorating, but strengthens it against vicissitudes of 
weather, and against dysentery. * 


SECTION IL 
ENTRY ON WAR 
_ ‘When actual war commences some further steps become necessary. 
All éxperiense shows :that men under twenty or tweny-one years of age 
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cannot bear the fatigues of war.* If possible, then, all men below twenty- 
one, or at any rate below twenty, should be held back from the campaign, and 
formed into depita, whence they may be dranghted for active service on coca- 
sion, Of course every means should be taken during their service at the 
depite to strengthen and harden them. 

All weakly men should also be held back, and every man thus retained 
should come under the surgeon’s superintendence, not in hospital, but while 
doing his duty. 

The men who are about to enter on the campaign should at once commence 
@ more severe training. If there be time to do it, this should be carried to 
‘an extent even greater than will be demanded in war, in the manner of the 
Bomans, who trained their soldiers so severely in peace that war was a relief. 
Footsoreness is very common at the commencement of a campaign, and often 
gives great trouble (see page 601). 

Certain changes in the food of the men should be made. 

The exertions of war, bodily and mental, are often very great, and demand 
an increased quantity of food, especially in the nitrogenous and fatty elements ; 
an increased amount of meat and bread, with the addition of fat bacon, cheese, 
and peas or beans, should be given, so as to bring the daily amount of nitrogen 
to 375 to 400 grains, and of carbon to 5000 grains daily (see page 562). 
During the war every effort should be made to get bread and flour supplied in 
lieu of biscuit, and to supply red wine (page 307). As one of the perils of 
war is the occurrence of scurvy, the supply of fresh vegetables should be in- 
creased ; if these at all fail during the campaign, the preserved vegetables 
must be issued, and the other precautions taken (see page 496). Considering 
the benefit apparently derived in Captain Cook’s voyages from wort made 
from malt, it might be worth while to try the effect of introducing this as a 
beverage ; it can be readily made, 

Donald Monro mentions that at Bremen, in 1762, when no vegetables 
could be got, and fresh meat was dear, and scurvy broke out, infusion of 
horse-radish was found to be useful. Spruce beer was also used. - : 


SECTION IIL 


ACTUAL WARBT 


Experience has showed in hundreds of campaigns that there is a large 
amount of sickness, The almost universality of this proves that, with every 
care, the conditions of war are unfavourable to health. The strenuous exer- 
tions, the broken rest, the exposure to cold and wet, the scanty, ill-cooked, or 
unwholesome food, the bad water, and the foul and overcrowded camps and 
tenta, account for the amount of disease. 

* umerons, but the followi Freac 
broke up af Boulogne, and marched &00 leaguse (French) bo aghe at Avcterite the youniey 
soldier was twenty-two years old; they left scarcely any sick or wounded en route, In 
the French marched from the err pga Vienna ; not half the army were aged twenty 
yedru; the hospitala were filled with sick. In 1818 and 1614 the despatches of N are 
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The amount of illness varies with the nature of the campaign and the genius 

of the commander. 
If the records can be trusted, it would seem that the English have been 
more unhealthy than the French in their wars, but there is no great trust to 
be placed in war statistics. In the Peninsula the mean daily number of sick 
was never below 12 per cent., except for a short time, in the lines of Torres 
Vedras, when it fell to 9 or 10. Sometimes it amounted to 15, 20, or 25 per 
cent. In the Crimea the immense sickness of the first winter is but too well 
remembered. 


Army Medical Regulations. 


Before an army takes the field, the Director-General may appoint a medical 
officer to act as Field-Inspector under the principal medical officer, but not to 
act as sanitary officer. The Director-General prepares lists of all medicines, 
stores, &c. The amount of transport and of stores is laid down. 

Before an army takes the field the Director-General, on requirement by the 
War Office, gives an account of everything in the proposed scene of operations 
which may affect the health of the men. He appoints a sanitary officer to be 
attached to the Quartermaster-General’s department, He issues instructions 
to the principal medical officer and sanitary officer on all matters connected 
with rations, clothing, shelter, precautions for preventing disease, de. 

The sanitary officer inspects all proposed encamping ground, quarters, &c., 
and supervises the sanitary arrangements of all camps, towns, hospitals, &c. 
The principal medical officer advises the Commander of the Forces on all 
matters affecting health, such as rations, shelter, clothing, &c., and may, with 
the sanction of the Commander of the Forces, issue instructions on such 
The sanitary ofcer inspects the camp dai ho Quartermaste 

sanitary 0 inspects the camp daily ; accompanies the I 
General on the march, and gives his advice on all sanitary points. He is sup- 
plied with information to aid him in his work from all principal medical 
officers of general hospitals, divisions, and brigades in the field, He transmits 
a weekly sanitary report to the principal medical officer. 


Causes of Sickness and Mortality in War. 


The chief causes of sickness and mortality in the English army have been 
in order of fatality— 

1. Diseases arising from improper and insufficient food, viz, general 
feebleness and increased liability to malarious fevers, dysentery, diarrhoea, 
&c., and production of scurvy and scorbutic dysentery. 

- Chee Gee ieee des vanctete th 

Catarr nchitis, pleurisy, pneumonia, rheumatism, dysen ’ 
produced by inclemencies of wontons 
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4, Spotted typhus, kept up and spread (if not produced) by overcrowding 
and gy aaa deg Pree | 
. Contagious dysentery, arising oul camps and latrines. 
6. Typhoid aaal’ porhage other fevers, produced by foul camps, | 
%. Exhaustion and debility, produced by excessive fatigue-—a very great 
isposing cause of almost all other diseases, 
8 Cholera, in India especially, and in Turkey. 
5 Plan fever in the West Indian campaigns. 
5 e in Egypt. 

11. The exanthemata occasionally. 

12, Ophthalmia. 

13. Venereal diseases. 

Of these diseases the most fatal have been scorbutic dysentery and typhus. 
It is indeed curious to see how invariably in all wars the scorbutic taint 
occurs, and frequently in how early a period of the campaign it can be 
detected. There almost seems to be something in the fatigues and anxieties 
of war which assists its development. It frequently complicates every other 
disease, impresses on them a peculiar character, and renders them very 
intractable to treatment. This is the case with dysentery, typhoid fever, 
malarious fever, and spotted typhus. With the last disease, especially, it has 
intimate relations, and contributes apparently to its propagation by rendering 
the frame more easily attacked by the specific poison. 

One of the most important preventive measures to be adopted in war is the 
prophylactic] treatment of scurvy. But with a full knowledge of this, the 
disease cannot always be avoided. The Federal Americans were fully aware 
of the necessity of combating it, and made immense efforts to do so. They 
did not succeed, and so marked and so general was the scorbutic taint in their 
army, that its combinations with typhoid fever and malaria have been looked 
upon as new diseases, 

If scurvy could be prevented, every other war disease would be compara- 
tively,trifling. Inflammations from exposure, exhaustion from fatigue, and 
gastro-intestinal affections from improper food and atmospheric vicissitudes, 
would still occur; but the ravages of typhus, typhoid fever, malaria, and 
dysentery, would be trifling and easily prevented. 

To prevent scurvy, then, is one of the most important measures. 

If scurvy be absent, typhus fever is readily treated ; isolation and the 
freest {ventilation are certain to stop it. The only great danger would be in 
a besieged and crowded fortress. In such a place it may be beyond control, 
but early recognition and prompt isolation, as far as it can be done, and as 
free ventilation as possible, may perhaps stop it. It is in such cases that we 
should freely use the nitrous acid fumes and other disinfectant vapours. 

Enteric (typhoid) fever and contagious dysentery, in the same way, ought 
with certainty to be prevented in a camp. The first case, even, should make 
us take urgent measures for the cleansing of latrines, or, better still, the 
apap fr the old and the opening of fresh ones. But the best plan of all 
is to shift the encamping ground, and we should remember the old Roman 
maxim, based doubtless on observation of typhoid fevers, that this must be 
done more often in the autamn. 

The exanthemata, measles, and scarlet fever, sometimes spread largely 
through an army ; the only is to separate all cases, and send them one 
aay — the fank of the army, if it can be done, not in the direction 

6 = 
Plague probably demands the same measures 9s typhus. 
The measures for cholera have been already sufficiently noted. 





DUTIES OF A SANITARY OFFICER DURING WAR. 


The diseases of exposure can be hardly avoided, but may be lessened: by 
warm clothes and waterproof outer coverings. Flannel should be used next 
the skin all over the trunk and extremities, and is indispensable. One of the 
most important means to enable troops to stand inclemencies of weather, and 
indeed all fatigues, is hot food. Coffee and tea are the best, and hot spirits. 
and water, though useful as an occasional measure, are much inferior, if indeed 
they do any good at all apart from the warmth. But the supply of hot food 
in war should be carefully attended to, especially in the case of breakfast, 
after which men will undergo without harm great exposure and fatigue. 

It is unnecessary to enter at greater length into the measures to prevent the 
diseases of war, for the proper plans have been all enumerated previously. 
We may conclude only that much can be done to prevent disease, but we 
must also remember that the course of campaigns sometimes is too violent and 
overpowering for our efforts, and that wars, like revolutions, will never be 
made with rose water. 

Recapitulation of the Duties of a Sanitary Officer during War. 

To go forward with the officers of the quartermaster’s department, to choose 
the camping ground; arrange for s drainage ; if necessarily in a 
malarious place, make use of all obstacles, as hills, trees, dc., to throw off the 
malaria from the tents ; place the tents with the openings from the malarious 
quarter. If possible, never take low hills (100 to 250 feet) above marshy 
plains. Arrange for the water supply, and for the service of the men, animals, 
and washing. As soon as possible fix the sites for the latrines ; have them 
dug out, and make dry paths to them. As soon as the tents are pitched, 
visit the whole camp, and see that the external ventilation is not blocked in 
any way, and that the tents are as far off each other as can be permitted. 
Assign their work to the scavengers, and mark out the places of deposit for 
refuse. The daily inspection should include all these points, as well as the 
inspection of the food and cooking and of the slaughter-houses. If the camp 
be a large one, a certain portion should be selected every day for the careful 
inspection of the individual tents, but it should be made in no certain order, 
that the men may not prepare specially for the inspection. 

A set of rules should be drawn up for the men, pointing out the necessity 
of ventilation, cleanliness of their persons, tents, and ground around them, 
and ordering the measures which are to be adopted. This will have to be pro- 
mulgated by the general in command. | 

In the daily work, a certain order and routine should be followed, so that 
nothing shall be overlooked. 

The sanitary officer of a large camp can never perform his duties without 
the most unremitting support from the regimental medical officers, who are 
the sanitary officers of their regimenta. Not only must they inspect their own 
regimental camps, but by an immediate report to the sanitary officer of any 
disease which can possibly be traced to some camp impurity, they should 
render it possible for the commencing evil, of whatever kind. to be detected 
yes ble the number of reported sick fro 

early as possible every morning num men sick from 
each regimen nent shoul be made side ory a oe oe : Ag esr 
strength, and then, if any regiment any excess of sic: 
state of its camp should be specially and theroughly investigated. 

: Hospitals in War.* 

With an army in the field, hospitals are of several kinda. | 

* Bir James Grigor, in the Peninsula, established divisional hospitals in fron}, and con, 
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The intermediate Hospitals, divided into — 

a. The Field Hospitals stationed at the base or on the line of communi- 
cation. : | 

6. The Field Hospitals proper, which move with the corps, and include 
the dressing stations and regimental stations. 

The old Regimental Hospital is now definitively abolished, but medical and 
surgical assistance is provided by a medical officer with one or two attendanta, 
accompanied by bearers, with stretchers when required, as in action in the field. 
The sick are treated in the field hospitals first, and then passed on to the in- 
termediate hospitals in rear, which are again evacuated, as occasion requires, 

by transfer of patients to the principal general hospital at the base. This last 
will be in aconvenient station on the frontier, or, in case of an insular nation 
like ourselves, on some sea-coast easily accessible. It is from it that men will 
ultimately be invalided home if unfit for further service. 
_ For each army corps (of nominally 36,000 men) 25 field hospitals are 

appointed,—12 to move with the corps, and 13 to be stationed at the base and 
along the lines of communication,*—-each is equipped for 200 sick, and may 
be divided into half hospitals for 100 each, if necessary. Slight cases would 
be treated in the-field hospitals, but all cases likely to take any time should 
be sent to the rear of operations as soon as possible. Cases of fever (typhus 
and typhoid) ought to be removed as soon as possible far from the field force. 
It is of great importance that they should not be put near surgical cases, which 
ought to be kept separate, or mixed only with non-communicable diseases. 
This (the separation of fever from surgical cases) was a Peninsular rule of Sir 
James M‘Grigor, and should never be forgotten. Ophthalmic cases ought also 
to ba isolated. 

The hospitals in rear may be at some distance, but connected either with a 
railway or by water carriage. It is of great importance to keep continually 
sending patients from the division and general hospitals with the army to the 
hospitals in rear. It is not only to keep the hospitals in front empty for 
emergencies, and to facilitate all movements of the army, but it has a great 
effect on the army itself, A great hospital full of sick is a disheartening 
spectacle, and often damps the spirits of the bravest men, The whole army 
is higher in hope and spirits when the sick are removed, as was shown 1- 
markably by the Austriagz experience of 1859. The sick themselves are 
greatly benefited by the removal; the change of scene, of air, of ideas, has 
itself a marvellous effect, and this is another great reason for constantly 
evacuating the sick from the hospitals in front. | 

The men who are reported for hospital in war must be divided into several 


classes — 

1. Slightly wounded should be treated in the field or intermediate 
hospitals, and then return to duty. 

2. Severely wounded at first in the field hospitals, then sent to the 
intermediate hospital, and then to the rear, as convalescence is always 
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HOSPITALS EN WAR. 


3. Slight colds, diarshoa, dc., treated in the field hospitals ag 
4. Severer colds, bronchitis, pleurisy, pneumonia, dysentery, dtc. should 
be sent at once to the intermediate hospital, and then to the rear as soon ap 
they can move with safety. | 
5. Typhus fever at once to the hospitals in rear, if possible without entering 
the field hospitals. 

6. Typhoid cases, also, should be sent to the rear, and, in fact, all severe 
cases. The field hospitals should be always almost empty, and ready for 


emergencies. 

These hospitals in rear may be even two or three days’ journey off, if con- 
veyance be by water, or one or two days if by rail Sick and wounded men 
= isthe a wonderfully well, with proper appliances, and are often indeed 

neiite 

The proper position for these hospitals, at the base of operations, must be 
fixed by the commander of the forces at the commencement of the campaign, 
as he alone will know what point will be the base of supplies, and it. is of 
importance to have these great hospitals near the large stores which are ' 
collected for the campai | 

It seems now quite clear that these hospitals should not be the ordinary 
buildings of the country adapted as hospitals. Such a measure seldom suc- 
ceeds, and the mere adaptation is expensive, though probably always im 
fect.¢ Churches should never be taken, as they are not only cold, but often 
damp, and there are often exhalations from vaults, 

The French, Austrian, and American experience is in favour of having the 
hospitals in rear made of tents or wooden huts. The huts are perhaps the | 
best, especially if the winter be cold. They were very largely used by the 
Federal Americans, who have entirely given up converting old buildings into 
hospitals. The best huts which were used in the Russian war of 1854-56 
were those erected at Renkioi from Mr Brunel’s design ; each held fifty men 
in four rows. This plan, however, is not so good a one as having only two 
rows of beds. Hammond { states that in the American war the best size has 
been found to be a ward for fifty men with two rows of beds; length of ward, 
175 feet ; width, 25; height, 14 feet; superficial area per man, 87 feet ; 
cubic space per man, 1200 feet. Ventilation was by the ridge, an opening 10 
inches wide, running the whole length, and by openings below, which could 
be more or less closed by sliding doors. Some of the American hospitals held 
from 2000 to 2800 beds.§ It is probable, however, that smaller wards (for 
25 men) would be better. 

An hospital constructed of such huts can be of any size, but there must be 
several kitchens and laundries if it be very larga. If space permit, however, 
it seems desirable to have rather a collection of smaller hospitals of 500 beds 
each, separated by half a mile of distance, than one lange hospital. 

The arrangement of the huts must be made according to the principles 
already laid down. Dr Hammond writes thus of these hospitals :-— 

“It will, perhape, not be out of place again to insist on the great 
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ss O0 Siie oe ome aD of the like kind, see Report on Hygiene, in the Army Medica) 
Report tow 10S OP 850. | 
Daal) Mure says that, in 1760, the house in Germany taken for the sick were 
ven 


iaproved 

taking away the sto open fire-places. In the P the Duke of 

Wallmgioneprnrl io bare Sod x a the army. Loney yes ie Sst ihe 
Deke asked : medical offlosr every. a fever. 

pipred the hospals by ordering open fr places {Laseombe, p. 6) 


bie port cn ipa, tn the Army Medioal Report. for 1863, -p. S46, of axg., fox a faller 


advantages of thase-texnpotary field hespitels over these Loouied:' 1 pitinianent 
aildings fn town. “Nothing is' better for the sick and wounded, ‘winter and 
sumumier, than é teint or a ridge-ventilsted hut, The experience gained duri 
the present war segapr yeerre goa beyond the — by - doubt; 
Cases of ‘érysipelas or o ital gangrene occurring in the old buildings 
which were at one time unavoidably used as hospitals, but which are now 
almost displaced for the ridge-ventilated pavilions, immediately commenced to 
get well as soon as removed to the tents. But in one instance that has come 
to my knowledge has hospital gangrene originated in a wooden pavilion 
hospital, and in no instance, as far as I am aware, in a tent. Hospital 
gangrene has been exceedingly rare in all our hospitals, but two or three 
hundred cases occurring among the many wounded, amounting to over 100,000 
of the loyal and rebel troops which have been treated in them. 
wounds heal more rapidly in them, for the reason that the full benefit of the 
fresh air and the light are obtained. Even in fractures the beneficial effects 
are to be remarked.” (‘On Hygiene,” p. 397.) 

Baron Larrey, in his useful work,* describes the plans adopted by the French 
in the Italian war of 1859. At Constantinople, during the Crimean war, the 
French were apparently very well installed; the best buildings in Constanti- 
nople were assigned to them, and they were arranged with all the accuracy of 
organisation which distinguishes the French. The results were not, however, 
favourable, especially in the spring of 1856, when typhus spread through 
many of the hospitals, and caused great mortality. Taught by this experi- 
ence, in the Italian war of 1859 the French distributed their sick in small 
hospitals whenever they could find a building, and in this way the extension 
of the specific diseases was entirely stopped. 

In the great Franco-Prussian war of 1870-71, the Germans made great use 
of temporary hospitals, and distributed their sick and wounded over almost 
the whole of Germany. The plans were very similar to those used in the 
Crimean and American wars. In some of the large cities, as at Berlin, 
immense hospitals, with railways and every appliance, were fitted up. The 
experience as regards hospital gangrene and erysipelas was favourable, but 
there were many cases of pyemia in some of these hospitals t 

To sum up, the hygiene of field hospitals in war (the rules are derived from 
our own Crimean experience, and that of the wars which have taken place 
since) is as follows :—Tke field, including the intermediate, hospitals to 
be made of tents; the tents being well constructed, of good size, thoroughly 
ventilated, the flaps being able to be raised so as almost, if desired, to make 
the tent into an awning, The most convenient and best are the hospital 
marquees of the new pattern, except for their considerable weight. The 
new double circular tents will now be used in all probability: they are a 
great improvement on the old bell-tent, and lighter than the marquee. 
Each weighs 100 dry, and four patients are put in a tent. For operating 


: * Notice sur wb pens des oid urate a, _ e 
Larrey mentions some striking instances CY) overcrowding, At Rami-Tchifilick, 
the hoeplta was fixed for 900 by the argon fe -charge 
healthy. His successor increased the to 1200 and 
tistake the sanie results 


6 . 
the of the Boole Militaire no crowding was permitted, and typhus caused only ten 
cent, of the deaths. Ta the French ambulances in the Crimes the came facts were’ moticnd, 
i in the Army Medical Departanend Reports, 
especially in the eessys from the officers who were sent to France during the war, 
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purposes, the dental puis oait‘be removed id's tlpod enppoit sabetibated) 
0 2 ne Oe gs Re ere 

The ‘ sound: ‘the tents to be thoroughly drained, kept very sles 
and. id from ‘time to'time. The tent floor to ‘be covered 


dlean _. 
end, if possible, dried earth, or charcoal, and to be then covered with a’ 
waterproof dloth, or boarded, if the camp be one of position. In either 
caso the greatest care must beitaken that the ground does not get soaked 
and filthy. Every now and then (if possible every ten days or so) the tents 
should be shifted a little. 

If it can be done, the sick should be raised off the ground. Iron bed. 
steads are cumbrous, but small iron pegs stuck in the ground might carry 
a sort of cot or hammock. The advantage of a plan of this kind is, that 
by means of holes in the sacking, wounded men can have the close-stool 
without much movement. For fever cases it permits a free movement of air 
under the patient. 

The stationary general hospitals in rear should be of tents or wooden 
huis, but never of converted buildings, or of hospitals used by other nations. 
Here, of course, iron bedsteads, and all the appurtenances of a regular 
hospital, are brought into play. 

Whenever practicable, the rear hospital should have water-closeta and 
sewers. At Renkioi, in Turkey, Mr Brunel supplied square wooden sewers 
about fifteen inches to the side; they were tarred inside, and acted most 
admirably, without leakage, for fifteen months, till the end of the war. 
The water-closeta (Jenning’s simple syphon), arranged with a small water-box 
below the cistern to economise water, never got out of order, and, in fact, the 
drainage of the hospital was literally perfect. I have little doubt such well- 
tarred wooden sewers would last two or three years. 

There is one danger about wooden hospitals, viz, that of fire. The huts 
should, therefore, on this ground alone, be widely separated ; each hut should 
have, about ten feet from it, an iron box for refuse. Wooden boxes do not 
answer, a8 in the winter live cinders get thrown in, and there is danger of 
fire. These boxes should be emptied every morning by the scavengers. 
Water must be laid on into every ward. 

The arrangement of the buildings is a simple matter, but must partly be 
determined by the ground. Long open lines are the best, An hospital of 
this kind, completely prepared in England, can be put up at & very rapid rate,* 
supposing there be no great amount of earth-work, and that the supply of 
water and of outlet for sewage be convenient. So that, if commenced at 
once at the beginning of a campaign, accommodation ‘would soon be 
a Mia : : ss 

ircumstances may of course render it necessary to take existing buildings 
for hospital purposes, but it ought always to be pecnsenbasell af it is 
oar a very great risk, and nothing but rigid necessity ought to sanc- 
on i 
Laundry Establishment. 

This part of an hospital must be organised as early, and as perfectly, as 

* The hospital at Renkol, in Turkey, in the Crim such 
(60 men in eek) that ite rapidity of erection is no ie to ote got ft marveilously 


mic piety firet beatn was laid on the 24th May 1866, July i was 
ready for 300 sick, every ward having water laid on, baths and closets, and an iron kitchen and 


being al dy; on the 1ith A it was ready for 500, and on the 4th December 
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Every rap Bil sary chganar pbernpt od porter orm 
pices liy euky oak as tos eas ea poe ser sick, just 
twice the amount of apparatus should be sent out, partly to insure 
partly to meet moments of great The 
, 18 @ most important part of the laundry, as ite heat can be used to 
t. 


Amount of Hospital Accommodation. 


This must not be less than for 25 per cent, of the force, with reserve tents 
in rear in case of need. 

Cemeteries in war must be as far removed as possible ; the graves dug deep, 
end peat charcoal thrown in if it can be procured. Lime is generally used 
oer is not quite so good. If charcoal cannot be got, lime must be 
used. If the army is warring on the sea-coast, burial in the sea is the safest 
plan. 


Flying Hoepitate 

For moving columns and excursions, flying hospitals are organised. 
Medical comforts, concentrated foods, wine, brandy, dressing instruments, 
bedding, &., and perhaps tents, are carried in light carts, or on mules, or 
camels, If it can be done, an old recommendation of Donald Monro 
seems useful, viz, that a baker with flour should accompany, and he bs 
butcher with live stock ; but since the use of concentrated foods, the 
perhaps less needed. 


Santtary Duties connected with a War Hospital. 


In addition to the usual sanitary duties of an hos es there are one or two 
points which require particular attention in the fiel 

The first of these is the possible conveyance of disease by the exceedingly 
dirty clothes, which may perhaps have been worn for wails even without 
removal, in the hard times of war. Typhus, especially, can be carried in this 


ic provide for this, every hospital should have a tent or building for the 
reception of the clothes 3 here they should be sorted, freely exposed to air, and 
the dirty flannels or other filthy clothes regener Slams oft theas are 3 
bad that they should at once be burnt, principal medical officer, at the 
scghadtag oa a cea, thee lone wei gieue toe Gres ale ol 
replace the articles from the public store. 

The articles which are not #0 bad should be cleansed. The cleansing is 
best done in the following way :—If the hospital for an hour and te hee 
closet, they should be put first in the drying-closet for an hour, and the 
carried to 220° Fahr. Then they should be transferred into the 
box ; this is simply a tinlined box or large chest The clothes are put in 
thin and sulphur placed above them is oot on fie care being taken not to 

j or nitrous acid fumes should be used. After an hout’s de- 
tention m in the fomigating bor, they should Si saatnk és tes alieg le 
These.are large tube with pure water, put in a shed or tent outeide the : 


foe fweniy-four jos, and then sel hepa polars ahene usual. 

This plan, and especidlly the fr and fomigation, wil lao Bill Bc, which 
often swarm. in such numbers, 
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WAR HOSPITAIS—BSIEGES, 


baths of a war hospital:at the base of operations should be on a lange ‘souls, 


and the means for getting hot water equally large. The men’s heads, if lousy,- 
should be washed with a little weak carbolis acid, which kills the lice at ance, 
The smell is not agresable, but that is not of real consequence. | 

Tn a war hospital, also, the use of charcoal in the wards, charcoal dressings, 


«ak 
; 


Ter 
for 
ant 


4 
iro i 


the employment of disinfectants of all kinds, is more necessary than in a com: 


mon hospital 

As a matter of diet, there should be a large use in the diet of antiscorbutic 
food, vegetables, &c., and antiscorbutic drinks should be in every ward, to be 
taken ad libitum—citric acid and sugar, cream of tartar, &c. The bread must 
be very good, and of the finest flour, for the dysenteric cases, 


The sanitary duties during sieges are often difficult. Water is often 
searce, disposal of sewage not easy, and the usual modes of disposal of the 
dead cannot, perhaps, be made use of, Jf sewage is not washed away, and if 
there is no convenient plan of removing it by hand, it must be burnt. Mix- 
ing it with gunpowder may be adopted if there is no straw or other com- 
bustible material to put with it, 

If food threaten to run short, the medical officer should remember how 
easily Dr Morgan’s process of salting meat can be applied (see page 206), and 
in this way cattle or horses which are killed for want of forage, or are shot in 
action, can be preserved. Yor sieges, as vegetables are sure to fall short, a 
very ample supply of lemon-juice, and of citric acid, citrates, and cream of 
tartar, should be laid in, and distributed largely. 


One other point should be brought to the notice of the general in command. 
In times of pressure, every man who can be discharged from the hospital is 
sent to the front, This cannot always be avoided. But when there is less 
preasure, the men should go from the rear hospitals to a depdt, and while there 
should still be considered under medical treatment, so that they may not too 
soon be subjected to the hardships of war. They should, in fact, be subjected 
again to a sort of training, as if they were just entering on the war. If this 
is not done, a number of sickly or half-cured men get into the ranks, who may 
break down in a moment of emergency, and cause great difficulty to the 
general in command. Some officers think that a man should either be in 
hospital or at his full duty ; this seems to me a misapprehension both of the 
facts and of the best way of meeting them. To transfer a man just cured, 
from the comforts of an hospital at once to the front, is to run great danger. 
A depdt, which should be a sort of convalescent hospital, pas gee under 
that term, is the proper place to thoroughly strengthen the man just recovered 
for the arduous work before him, | 
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APPENDIX A. 


METRICAL WEIGHTS AND MEASURES. 


a. Length. 
1 Metre = 39°37 English inches = 3°28 feet. 
1 Decimetre = 3°94 _,, » = (4 inches nearly.) 
1Centimetre= 039 ,, » = (sth inch near y} 
1 Millimetre = 0°039 _,, » = (sth inch nearly, 


N.B.—The Latwn prefix indicates division. 
The Grek do. do. multiplication. 


1 Kilometre = 1000 metres = 1094 yards = §th mile (nearly.) 


b. Area. 


10°76 sq. fest = 1542 aq. inches. 


1 Square Metre 
0154 sq. inches = 4 aq, Inch os 


1 Square Centimetre 


1 Square Millimetre = 00015 _,, = » _ (nearly,) 
100 Square Metres = lare = 119°7 square yards, 
100 Ares = lhectare = 11967' _ _s, » = 2°47 acres. 
100 Hectares = 1 square kilometre = 247 acres = 0°386 aq. mile. 


c. Capacity, 
1 Decimetre cubed = 1 litre= 1000 cubic centimetres = 61 cubic inches = 35°3 
ounces = 0°22 gallon. 
1 Cubic centimetre = 0°061 cubic inch. 
1 Cubic inch =16'4 cubic centimetres. 
28:35 Cubic centimetres = 1;733 cubic inches= 1 ounce. 
1,000,000 cubic centimetres = 1000 litres = 1 cubic metre = 1 stere = 35°3 cubic feet. 


d. Weight. 


1 Cubic centimetre of distilled water at 4° C. (39°2 F.) weighs 1 gramme. 
: ae me ye grains. (<1 ty.) 
ecigramme = 1°5 »  (=1§ grains nearly. 
il Centlamaniiiie = 0154 , (=y% grains newly 

1 Milligramme = 0°015 ,, (=, grains nearly.) 

1 Kilogramme = 1000 grammes = 15,432 grains = 2'2 tbs. avoir. = 35°3 ounves 
French lire and German pfund == 500 es = 1'1 The. = 17°6 ounces, 
The German loth = 164 9 «= = § ounce nearly. 
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APPENDIX B. 


THERMOMETER SCALES. 


Centigrade Réaumur Fahrenheit—32 
= =< i. =m smuaeinamenedwiinemennal 
Centigrade. Réaumur Fahrenheit 
Mercury freezesat .  . «sw 400 = - 320 400 
Zeroof Fahrenheit . . . . . =L77T — 14:9 00 
Water freezes at : » '& 00 00 320 
Water at its maximum density abo. 4:0 32 39°2 
Mean temperature of London... 102 8:2 50°4 


Mean temperature for specific gravities, &e, 158 124 60°0 
Mean temperature of Calcutta - »  25°8 20°6 82°0 


Mean temperature of the — body . 386 30°0 98'4 

Alcohol boils at P . 783 62°7 173°0 

Water bolsat . =. «wt 100°0 80°0 212°0 

Mercury boils at —s, 360°0 288°0 680 0 
APPENDIX C. 


BAROMETER SCALES, 
Standard presaure = chal millimetres = 29-922 inches, 


30 inches oS ‘ 
29°5 Y) = 2 rt) 
go = 737 ” 
85 = 724 ,, 
8 Cy. =i, 


lo. = 35°4 ,, 


APPENDIX D. 


STANDARD SOLUTIONS FOR VOLUMETRIC ANALYSIS. 


1. For chlorine. Silver nitrate solution. 


17 grammes of silver nitrate in 1 litre of distilled water. 
1 CC, of solution = 0-00355 tk = 3°55 milligrammes of chlorine. 
5 »  =0°00585 = 5°85 ms of sodium chloride. 
- Pe =0°00745 , =7°45 ¥s of potassium chloride. 
=0°00535 ,, =5:35 of ammonium chloride. 
Short factor for chlorine in grains per gallon (if. one litre of water be taken for 
experiment) = 0'2485, or the CC.’s of” silver nitrate solution required for } 
litre, represent grains per gallon of chlorine nearly. 


2. Hardness. Soap solution. 


Dissolve brig soft soap (pharmacopceial) in diluted spirit, and graduate by 
means of this barytic solution. 


Nitrate of bari ‘ ; : 0°26 e8. 
Distilled ee . . ; 1 tre, 


22 CC.s (or 22 measures) of standard soap solution uce a permanent lather 
with ip CC.s of the san solution. ais 

1 cea =, OC.) of soap solution =0°00025 gm.=0'25 mgm. of calcium 
carbonate. 


(For other pane see page 78.) 


Correction for lather = -~.@ measures 0: os 
Short factors (when 50 CO.s of water ie en for experiment.) 


For degrees of Clark’s scale (1:70,000) =0'35. 
99 ? Metri: ical 9 te 10000) 2050. 
3. Permanganate Solution for Oxidieable Matter. 


0°395 of potassium te in 1 litre of wa 
100 .00.s are exactly decolorised by 100 CC.s of oualic acid solution (c.) (See 


No. 7, 
1 06. 2 RN ee Oe eT ee RY 0°10 milligramme of 
OO. of permanganate solution wed with alkall yields 0-06 milligramme of 


one mganate solution exactly oxidises 0°2875 mgms. nitrows acid 


0, 
1 OL of permenant solution exactly oxidises 02125 mgms. hydrogen 
aeatal peonnagunissltion ly ss dia om i OO 
Pt) . 0'9000 ferrous oxide 


(FeO) 
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4, Ammoniwm Chloride Solution for Nesslerising. 
0315 gramme of ammonium chloride in 1 litre of water. 
This is the strong solution. 
Take 100 CC.s of this solution and dilute fo 1 litre, 
This is the standard solution. 
1 CC, =0°01 milligramme of ammonia (NH,) or 0°0082 mgm. of nitrogen. 
In analysing for nitrie acid 1 part of NH,=3-71 HNO,. 


5. Sulphuric Acid Solution for Carbonates in Water. 


Take 4°9 grammes by weight of pure H.SO, and dilute to 1 litre, 
1 CC, saturates : maligne o ca fe mcenrees 
” ” ofsodium  ,, 


6. Alkaline solution for acidities. 


Take liquor sods or liquor potasse of pharmacopoial strength, and dilute with 
8 or 9 parts of distilled water. 

Graduate with oalic acid solution (a.) (See No, 7.) 

1 CC. of standard alkaline solution = 6:3 rasliseracnineh of oxalic acid, 


(For other coefficients see page 279.) 


7. Oxalic Acid Solutions. 


aay rica (a, a 63 grammes of crystallised oxalic acid, and dissolve in une 
of water. 
10 CC.s exactly neutralise 10 CC.s of standard alkaline solution. 

Solution (b.) Take 100 CC.s of solution (a), and add 180 CC.s of distilled water. 

This makes the solution for testing the alkalinity of lime or baryta water. 

1 CC. vrs neutralises . e milligramme 2" Ee tbe b 

ta 

Solution (c. y’ Take 100 CC.s of solution (a), and add 700 CC.s of distilled water. 


This is the solution for graduating the permanganate. 
100 ae exactly decolorise 100 CC.s of permanganate in presence of sulphuric 
aci , 


8. Copper Solution (Fehling’s) for Sugars. 


Take of pure copper sulphate, .  « 8464 grammes, ) »- 
Distilled wate, .) 800°, t Dissobee, 


aalke also of tarerase of sadinayauil Luge Un ad mmes. } 7; 
Solution of caustic soda (or caustic potash) 430° OC. Dissolve. 


Mix the two aes slowly, and dilute with distilled water to one litre, 
1 CC. is sis mlligrsmes of either glucose or inverted sugar. 
1 CO. $67 of ‘actin (or milk sugar). 


9. Iodine Solution for Hydrogen Sulphide. 
Dissolve 6-35 grammes of iodine in 1 Ite of diated water bythe ald of « Il 


potassium iodide. 
1 CO. =0°65 milligrammes of HS. | 
If a ire f water be taken for examination, the short factor fi out ince. 


gallon is 0°164. 
— ' Stirch is used as the indicator, 
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granim in nitro hydodhlot 
gral me me ; ws the precipitate ; a prea 
hydrochloric acid, and dilute to 1 litre. 
1 OC.=1 milligramme of iron. 
This is the strong solution. 

For use it is diluted 1 to 100, so that ; 
| 1CC.=001  milligramme of metallic iron, 

10C.=002696 sé, of ok 
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